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1.0 INTRODUCTION

A major function of the Tank Waste Remediation System (TWRS) is to characterize waste in
support of waste management and disposal activities at the Hanford Site. Analytical data from
sampling and analysis and other available information about a tank are compiled and
maintained in a tank characterization report (TCR). This report and its appendices serve as the
TCR for single-shell tank 241-BX-1 10. The objectives of this report are 1) to use
characterization data in response to technical issues associated with tank 241-BX-110 waste,
and 2) to provide a standard characterization of thk waste in terms of a best-basis inventory
estimate. Section 2.0 summarizes the response to technical issues, Section 3.0 shows the
best-basis inventory estimate, and Section 4.0 makes recommendations about the tank’s safety
status and additional sampling needs. The appendices contain supporting data and information.
This report supports the requirements of the Hanford Federal Facility Agreement and Consent
Order (Ecology et al. 1997), Milestone M-44-15b, change request M-44-97-03 to “issue
characterization deliverables consistent with the Waste Information Requirements Document
developed for 1998.”

1.1 SCOPE

The characterization information in this report originated from sample analyses and known
historical sources. The results of recent sampling events will be used to fulfill the
requirements of the data quality objectives (DQOS) and memorandums of understanding
specified in Tank Characterization Technical Sampling Basis (Brown et al. 1997) for this tank.
Other information can be used to support conclusions derived from these results. Appendix A
contains historical information for tank 241-BX-110, including surveillance information,
records pertaining to waste transfers and tank operations, and expected tank contents derived
from a process knowledge model. Appendix B summarizes sampling events (see Table 1-1),
sample data obtained before 1989, and sampling results. Appendix C reports the statistical
analysis and numerical manipulation of data used in issue resolution. Appendix D contains the
evaluation to establish the best basis for the inventory estimate and the statistical analysis
performed for this evaluation. Appendix E is a bibliography that resulted from an in-depth
literature search of all known information sources applicable to tank 241-BX-110 and its
respective waste types. The reports listed in Appendix E are available in the Lockheed Martin
Hanford Corporation Tank Characterization and Safety Resource Center.
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Table 1-1. Summarv of Recent Samr)limz.

Auger Solid Risers 3 and 6 rr/a
95-AUG-045 and
95-AUG-046
10/12/95

Headspace vapor Gas Rker 6 rrla
4130/96

Headspace Gas Headspace n/a
flammability
15/21/97 - I I I
Push core 197
5119/97 tO5/20197

rPush core 198
5121197to 5/22/97

nla

---1
53%

56%

Notes:
nh = not applicable

‘Datesare in rrunlddlyyformat

1.2 TANK BACKGROUND

Tank 241-BX-110 is one of 12 tanks located in the Hanford Site 200 East Area BX Tank
Farm. It is the first in a three-tank cascade that includes tanks 241-BX-111 and 241-BX-112.
Tank 241-BX-110 went into service in September 1949 when it received first-cycle
decontamination waste (IC) from the B Plant bismuth phosphate (BiPOi) process. The
supematant was decanted to the B-039 crib in 1953-1954. In 1954, the tank received
supematant concentrate evaporator bottoms (EB) waste from tank 241-B-105, and in 1957,
much of this supematant was transferred to tank 241-C-111 for the ferrocyanide scavenging
campaign. In 1964, plutonium-uranium extraction ( PUREX) plant cladding waste from
tank 241-C-102 was transferred into tank 241-BX-110, and in 1968, supematant was removed
to tank 241-BX-106. In 1969, the tank received cesium recovery supematant (IX) waste from
the B Plant cesium recovery process, some of which was transferred to tank 241-BX-104 in
1970. In 1972, tank 241-BX-110 received in-tank solidification (ITS) waste (EB waste) from
tanks 241-BY-109 and 241-BY-112, and continued receiving this waste until it completed
active service. In 1976, the tank was declared “an assumed leaker”, and in 1977, it was
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removdd from service. Partial isolation was completed in December 1982 and interim
stabilization (August 1985) were completed.

Table 1-2 summarizes the description of tank 241-BX-110. The tank has maximum storage
capacity of 2,010 kL (530 kgal), and presently contains an estimated 783 kL (207 kgal) of
waste. Of this total estimated volume, 738 kL (195 kgal) is sludge, 34 kL (9 kgal) is saltcake,
and 11 kL (3 kgal) is supematant (Hanlon 1998). The sludge contains 61 kL (16 kgal) of
drainable interstitial liquid. The tank is not on the Watch List (Public Law 101-510).
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Type Single-shell

Constructed 1946-1947

In service 1949

Diameter 22.9 m (75.0 ft)

Operating depth 5.2 m (17 ft)

Capacity 2,010 kL (530 kgal)

Bottom shape Dish

Ventilation Passive

Saltcake volume 34 kL (9 kgal)

Sludge volume 738 kL (195 kgal)

Drainable interstitial liquid volume 61 kL (16 kgal)

Waste surface level (May 31, 1998)2 201.4 cm (79.3 in.)

Temperature 16.1 “C (61 “F) to 20.9 “C (70”F
(Mav 31.1997 to Mav 31. 1998)

Integrity Assumed leaker

Watch Lkt None

Auger October 1995

HeadsPace vauor AtxiI 1996

Declared inactive 1977

Interim stabilization 1985

IIntfusion prevention 19821

Notes:
1Waste volumeis estimatedfromsurfacelevelmeasurementsand photographicevaluations
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2.0 RESPONSE TO TECHNICAL ISSUES

Five tectilcal issues have been identified for tank241-BX-110 (Brown et al. 1997)

● Safety screening: Does the waste pose or contribute to any recognized potential
safety problems?

● Organic complexants: Does the possibility exist for a point source ignition in the
waste followed by a propagation of the reaction in the solid/liquid phase of the
waste?

● Organic solvents: Does an organic solvent pool exist that may cause a fire or
ignition of organic solvents in entrained waste solids?

● Pretreatment: What fraction of the waste is soluble when treated by sludge
washing and leaching?

The Sampling and Analysis Plan (SAP) (Schreiber 1997a) describes the types of sampling and
analysis used to address these technical issues. Data from the analysis of auger samples, push
core samples, and tank headspace vapor measurements, along with available historical
information, provided the means to respond to the technical issues. Sections 2.1 and 2.2
present the response. Data from the April 1996 vapor sampling provided the means to address
the organic solvents issue. See Appendix B for sample and analysis data for tank 241-BX-110.

2.1 SAFETY SCREENING

The data needed to screen the waste in tank241-BX-110 for potential safety problems are
documented in Tank Safety Screening Data Quali@ Objective (Dukelow et al. 1995). These
potential safety problems are exothennic conditions in the waste, flammable gases in the waste
and/or tank headspace, and criticality conditions in the waste. Each condition is addressed
separately below. The requirement in Dukelow et al. (1995) for two widely spaced full cores
was not met. Core 197 only penetrated the upper 54 cm (21 in.), or 30 percent of the waste,
before sampling was halted by high downforces. Core 198 penetrated the upper 159 cm
(59 in.), or 83 percent of the waste, before sampling was halted by activation of the tank
bottom detector.

2.1.1 Exothermic Conditions (Energetic)

The first requirement outlined in the safety screening DQO (Dukelow et al. 1995) is to ensure
that there are not sufficient exothermic constituents (organic or femocyanide) in
tank 241-BX-110 to pose a safety hazard. Because of this requirement, energetic in
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tank 24I-BX-110 waste were evaluated. The safety screening DQO required that the waste
sample profile be tested for energetic every 24 cm (9.5 in.) to determine whether the
energetic exceeded the safety threshold limit. The threshold limit for energetic is 480 J/g on
a dry weight basis. Results obtained using differential seaming calorimetry (DSC) indicated
that no sample obtained from tank 241-BX-110 had mean exothennic reactions (on a
dryweight basis) exceeding the safety screening DQO limit. None of the May 1997 core
samples exhibited exothermic reactions. Exothermic reactions were noted from each of the
October 1995 auger samples. The highest enthalpy change was 44.64 J/g (dry weight basis).
The one-sided 95 percent upper confidence limits for auger samples 95-AUG-045 and
95-AUG-046 were 58.0 J/g and 31.6 J/g, respectively. All results were far less than the
threshold limit of 480 J/g.

2.1.2 Flammable Gas . .

Headspace measurements were taken from riser 6 on April 30, 1996 (Evans et al. 1997). The
tank 241-BX-110 headspace was analyzed with a combustible gas meter irr&ediately before
both the October 1995 auger sampling and the May 1997 push core sampling. The April 30,
1996 vapor sampling event captured vapor samples in evacuated SUMMA* canisters and
sorbent traps for analysis at the Vapor Analytical Laboratory at Pacific Northwest National
Laboratory. Low concentrations of flammable gases (<O. 15percent of the lower
flammability limit [LFL]) were detected, including ammonia (63 ppm), nonmethane organic
compounds (1.96 mg/m3), methanol (1.0 ppm), ethanol (0.8 ppm), acetone (O.2ppm), and
lesser quantities of other volatile and semivolatile organics. Flammable gas was not detected
by the combustible gas meter tank headspace measurements (Opercent of the LFL) obtained
before sampling. All measurements were below the safety screening limit of 25 percent of
the LFL.

2.1.3 Criticality

The safety screening DQO (Dukelow et al. 1995) threshold for criticality, based on the total
alpha activity, is 1 g/L. Because total alpha activity is measured in ~Ci/mL for liquids and
pCi/g for solids instead of g/L, the l-g/L limit is converted into units of pCi/mL and ~Ci/g by
assuming that all alpha decay originates from 23%. The safety threshold limit is 1 g 23@uper
liter of waste. Assuming that all alpha is from ZS9Wand assuming a density of 1.89 g/mL (the

maximum bulk density observed for tank 241-BX-110), 1 g/L of 239Puis 62 yCi/mL and
32.8 pCi/g of alpha activity. The maximum total alpha activity result from the 1997 core
samples was 0.0234 pCi/g (core 198, segment 4). The maximum upper limit to a 95 percent

*SUMMAis a trademarkof Molectrics, Inc., Cleveland,Ohio.
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confid&tce interval on the mean was 0.0319 pCi/g (core 198, segment 4, lower half),
indicating that the potential for a criticality event is extremely low. The maximum total alpha
activity in the 1995 auger samples was less than the maximum observed in the 1997 core
samples. Auger sample 95-AUG-046 had a mean result of 0.0109 pCi/g and a one-sided
95 percent upper confidence limit of 0.0163 pCi/g. All results were well below the safety
screening DQO limits, so criticality is not a concern for this tank. Appendix B presents the
total alpha activity analytical data. Appendix C contains the method used to calculate
confidence limits.

2.2 ORGANIC COMPLEXANTS

The data required to support the issue of organic complexants are documented in Memorandum
OfUnder-slandingfortheOrganic Complexant Issue Data Requirements (Schreiber 1997b). .
The total organic carbon (TOC), total non methane organic compound vapor analysis,
energetic by DSC, and sample moisture analyses were conducted to address the organic
complexants issue.

2.2.1 Safety Categorization for Organic Complexants

The Organic Complexant Topical Repot? (Meacham et al. 1997b) classifies a tank as safe if the
fuel content is less than 4.5 weight percent (wt%) total organic carbon (TOC).
Tank 241-BX-110 was categorized as safe by Meacham et al. (1997b) based on an analysis of
variance (ANOVA) analysis of the 1995 auger sample TOC data. Additional TOC data
obtained during the 1997 core sample event have not yet been incorporated in the ANOVA
model. TOC obtained from the 1997 core samples are in all cases lower than those used in
Meacham et al. (1997b).

Tank 241-BX-110 is classified as safe using the analysis flowchart in Figure 2 of Schreiber
(1997b). Only the two 1995 auger samples exhibited exothenns. The maximum exothenn
observed in the 1995 auger samples was 44.64 J/g (dry weight basis) far below the limit of
480 J/g. The seven 1997 core sample segments did not exhibit exotherms. The fraction of
solid sample segments exhibiting exotherms is 2/9, or 22 percent. Because the exothenns
observed in the auger samples were very small, and because less than 25 percent of the
samples exhibited exotherms, the tank is categorized as safe.

2.3 ORGANIC SOLVENTS SCREENING

The data supporting the organic solvent screening issue are documented in Data Quality
Objective to Suppoti Resolution of the Organic Solvent SafetyIssue (Meacham et al. 1997a).
The organic solvent DQO requires that tank headspace samples be analyzed for total
nonmethane organic compounds to determine whether the organic extractant pool in the tank is
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a haza;d. This assessment is performed to ensure that an organic solvent pool fire or ignition
of organic solvents cannot occur. Data from the April 1996 vapor sampling of
tank 241-BX-110 (Evans et al. 1997) provided a nomnethane organic carbon concentration
value that ranged from 1.84 mg/m3 to 2.13 mg/m3 in the three tank headspace samples taken,
with an average concentration of 1.96 mg/m3. The threshold limit of concern is the presence
of an organic solvent pool greater than 1 m2 (10.8 ft2) in area. Using calculations that
combine nonmethane organic carbon concentration with tank headspace temperature and tank
ventilation rates, Huckaby et al. (1997) calculated the potential organic solvent pool area for
tank 241-BX-110 to be 0.10 mz (1.1 ftz). The upper 95 percent confidence limit estimated for
the potential pool area was 0.22 mz (2.4 ftz): This is well below the established threshold for
this safety issue.

2.4 PRETREATMENT

Samples were archived for future pretreatment analyses and evaluation in accordance with
Strategyfor Sampling Hanford Site Tanksfor Development of Disposal Technology
(Kupfer et al. 1995).

2.5 OTHER TECHNICAL ISSUES

Vapor samples were also obtained to address the Data Quality Objective for Tank Hazardous
Vapor Safety Screening (Osborne and Buckley 1995). However, this issue is being closed
because headspace vapor (sniff) tests are required for the safety screening DQO (Dukelow
et al. 1995) and the toxicity issue was closed for all tanks (Hewitt 1996). Heat generation and
waste temperature are factors in assessing tank safety. Heat is generated in the tanks from
radioactive decay. An estimate of the tank heat load based on the 1995 and 1997 sample
events was not possible because radionuclide analyses were not required. However, the heat
load estimate based on the tank process history was 329 W (1, 120 Btu/hr) (Agnew et al.
1997a). The heat load estimate based on the tank headspace temperature was 675 W
(2,300 Btu/ti) (Kurmnerer 1995). Both of these estimates are quite low, and are well below
the limit of 11,700 W (40,000 Btu/hr) that separates high- and low-heat-load tanks
(Smith 1986).
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2.6 StiMARY

The results of all analyses performed to address potential safety issues showed that primary
analytes did not exceed safety decision threshold limits. Some uncertainty exists because
neither core 197 nor core 198 included waste from the bottom of the tank. There is, however,
no indication that any waste type other than lC1, 1C2, B1 saltcake (BISltCk), CWR2, CSR,
or BY saltcake (BYSltCk) waste exists in the tank. These waste types have no exothermic
constituents and do not represent a safety hazard. The analyses results are summarized in
Table 2-1.

Table 2-1. Summary of Techrical Issues.

Safety
screening

Organic
complexants

Organic
solvents

Pretreatment

Energetic No exotherms were observed in any core
sample. Exotherrns in auger samples were
well below 480 J/g threshhold.

Flammable gas

Criticality

Vapor measurement reported <1 percent of
LFL. (Combustible gas meter and vapor
samples).

All analyses were well below 32.8 yCi/g
total alpha (within 95 percent confidence
limit on each sample),

Safety categorization (Safe) The tank is categorized as safe because
<25 % had exotherms and all exotherms
were <480 J/g.

Solvent pool size The organic solvent pool’s size was
estimated at 0.10 mz (1.1 ftz), well below
the established threshold of 1 m2 (10.8 ftz).

Analyses for treatment to
separate low-level and
high-level waste streams

Samples were archived for future analysis.
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3.0 BEST-BASIS STANDARD INVENTORY ESTIMATE

Information about chemical, radiological, and/or physical properties is used to perform safety
analyses, engineering evaluations, and risk assessment associated with waste management
activities, as well as regulatory issues. These activities include overseeing tank farm
operations and identifying, monitoring, and resolving safety issues associated with these
operations and with the tank wastes. Disposal activities involve designing equipment,
processes, and facilities for retrieving wastes and processing them into a form that is suitable
for long-term storage and disposal. I

Chemical and radiological inventory information are generally derived using three approaches:
1) component inventories are estimated using results of sample analyses; 2) component
inventories are estimated using the HDW model based on process knowledge and historical
information; or 3) a tank-specific process estimate is made based on process flowsheets,
reactor fuel data, essential material usage, and other operating data.

An effort is underway to provide waste inventory estimates that will serve as the standard
characterization for the various waste management activities (Hodgson and LeClair 1996). As
part of this effort, an evaluation of chemical information for tank241-BX-110 was performed,
including the following.

● Analytical data for the 1997 push mode core samples (see Appendix B).

● Analytical data for the 1978 push mode core samples (see Appendix B).

● Analytical and historical model data from five waste tanks (241-BX-107,
241-BX-112, 241-C-1 10, 24 I-T-104, and 241-T-107) that contain BiPOdprocess
IC solids. These tanks are expected to represent the BiPO1process lC waste
solids in tank241-BX-110 and are used as a basis for comparison with the 1978
and 1997 core sample data for the lC waste layer.

● Analytical data from three waste tanks (241-BY-105, 241-BY-106, and
241-BY-110) that contain BYSltCk waste. These tanks are expected to represent
the BYSltCk solids in tank241-BX-110 and are used as a basis for comparison
with the 1997 core sample data for the BYSltCk waste layer.

● Analytical and historical model data from four waste tanks (241-B-104,
241-B-106, 241-B-108, and 241-B-109) that contain BSltCk. These tanks are
expected to represent the BSltCk solids in tank 241-B-107 and are used as a basis
for comparison with the 1997 core sample data for the BSltCk waste layer.

● An inventory estimate generated by the HDW model (Agnew et al. 1997a)
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The res’ultsof this evaluation support using a combination of the analytical data from the 1978
and 1997 core samples from tank 241-BX-110 and sample results from other waste tanks as the
primary basis for the best-estimate inventory for the tank for the following reasons.

● Sample data, if available, are generally preferable to estimates from tanks with
similar wastes or from transfer models.

● The analytical concentrations of components in each of three waste types now
estimated to be in the tank (IC, BYSltCk, and BSltCk) generally fall within the
ranges observed in other analyses and historical model estimates. However, the
sample results for core 198 have characteristics of all three of these waste types
and may not be representative of the tank as a whole.

● The results for core 197 are consistent with the BYSltCk layer predicted by the
TLM for the corresponding region of the tank.

● The results for the 1978 core sample are consistent with the lC layer predicted by
the TLM for the corresponding region of the tank.

● The results for core 198 core are consistent with the BSltCk layer predicted to
reside between the lC and BYSltCk layers by ‘examination of the waste transfer
history (Agnew et al. 1997b).

Once the best-basis inventories were determined, the hydroxide inventory was calculated by
performing a charge balance with the valences of other analytes. The charge balance approach
is consistent with that used by Agnew et al. (1997a).

Mercury inventories for each tank recently have been calculated based on process history
(Simpson 1998). The estimate given for tank 241-BX-110 is 49.7 kg of mercury.

Tables 3-1 and 3-2 show the best-basis inventory estimates for tank 241-BX-110. These
best-basis inventories are strrnrnationsof the chemical and radlonuclide inventories of the
individual 1C, BSltCk, BYSltCk, and supematant waste types predicted to reside in
tank 241-BX-110 from examination of the waste transfer history (Agnew et al. 1997b). The
inventory estimates for some chemical components are based on the sample results. For other
chemicals, inventory results are partly or entirely based on engineering estimates derived from
the average concentration of components in similar tanks. Where no sampling or engineering
estimate exists, the HDW model compositions for similar waste types are used. Component
concentrations derived from engineering estimates and HDW model derived compositions are
adjusted for the density, moisture content, and waste volumes in tank 241-BX-110. Finally,
inventories for a small number of components are revised based on process knowledge.
Section D3.5 describes the derivation of the chemical inventory. The inventory values in
Tables 3-1 and 3-2 are subject to change without notice. Refer to the Tank Characterization
Database (LMHC 1998) for the most current inventory values.
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Best~bakistank inventory values are derived for 46 key radionuclides (as defined in Section 3.1
of Kupfer et al. 1997). All radionuclides are reported on a common report date of January 1,
1994, to be consistent with the decay date used in the HDW model. Often, waste sample

jqg/jq~ and total uranium (or total beta and totalanalyses have only reported ‘Sr, 137CS, ,
alpha), while other key radionuclides such as ‘Co, ‘Tc, 1291,1S4EU,155Eu,and 24]Am, have
been infrequently reported. Therefore, it has been necessary to derive most of the 46 key
radionuclides by computer models. These models estimate radionuclide activity in batches of
reactor fuel, account for the split of radionuclides to various separations plant waste streams,
and track their movement with tank waste transactions. (These computer models are described
in Kupfer et al. 1997 and in Watrous and Wootan 1997.) Model-generated values for
radionuclides in any of 177 tanks are reported in Agnew et al. (1997a). The best-basis value
for any one analyte may be either a model result or a sample or engineering assessment-based
result (if available). For a discussion of typical errors between model-derived values and
sample-derived values, see Kupfer et al. (1997). As few applicable radionuclide data from the
tank 241-BX-110 samples were available, the majority of the radionuclide estimates were --
derived from reported data for similar tanks and the HDW model. Section D3.5 describes
derivation of the radionuclide inventory. Where no sampling or engineering estimate exists,
the HDW model radionuclide concentrations for similar waste types are used. Radionuclide
concentrations derived from engineering estimates are adjusted for the density, moisture
content. and waste volumes in tank 241-BX-110.

Table 3-1. Best-Basis Inventory Estimate for Nonradioactive Components in
Tank 241-BX-110 (Effective May 31, 1998). (2 sheets)

Ca 2,600 lMiE

cl 2,080 ISIE

TIC as C03 16,600 WE

Cr 5,500 WE

F 16,600 SIE

Fe 20,400 SIE

Hg 49.7 E Global reconciliation for all tanks (Simpson
1998)

K 1949 [SIE

La 1183 lSIE/M

\Mn 1255 \SIEIM
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Table 3-1. Best-Basis Inventory Estimate for Nonradioactive Comr)onents in

OH,O,A, 58,200 c Charge balance

Pb 452 SIE

PO, 1.61E+05 SIE

Si 11.000 WE
.

so, 9,840 SIE

Sr 1482 SIE

TOC 1,680 WE

u TOTAL 8,780 S/E

Zr 179 SIE

Note:
1S= sample-based,M = HDW model-based,E = engineeringassessment-based,and C = calculatedby
chargebalance;includesoxidesas “hydroxide”not includingC03, N02,N03, PO,, SO,, and Si03. In all
cases, the analyticaldata and modelresultswere adjustedfor the moisturecontentanddensityfoundin the
correspondingregionof rank241-BX-110duringthe 19!37core samplingevent.
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Table 3-2. Best-Basis Inventory Estimate for Radioactive Components in Tank 241-B-110

59Ni 10.596 IM

‘co 15.07 IM
63Ni 159.0 IM

79Se 10.468 IM

I

I

~sr /20,100 ISIE lMethod varies according to layer (Section D3.5)

‘Y I2O,1OO ISIE lReferenced to ‘Sr

‘3mNb 1.64 M
93~r 2.26 M

‘Tc 30.6 M

‘WRU 10.00101 IM

113mCd 111.8 IM
125sb 122.7. M

‘2!’3n 10.700 IM
129I 10.0592 IM
134~s 10.247 IM

‘37mBa 163,500 ISIE lReferenced to ‘37CS
137CS 167,100 lS/E
151sm 11,620 IM

I 152EU 10.733 hI I I

‘54Eu 185.7 IM
p55Eu 144.7 I I
226Ra 2.57E-05 M
227~C 3.28E-04 M
228Ra 0.270 M

1229~~ 10.00624 IM I I

123’Pa 10.00163 I I
232~~ 10.00998 IM
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Table 3-2. Best-Basis Inventory Estimate for Radioactive Components in Tank 241-B-110
Decayed to January 1, 1994 (Effective May 31, 1998). (2 sheets)

,:..:.::..:,;:,..,,,., ...
,,, :.:.?:?:.... .TiifatIif{j~oi&:. :’:i:::B&i$:,;:+ :~~~::+::.i~::i!.:’~:”;:’:;::”’x:’‘:;:’:$::!; ~~;:,,.::“:.:’ ::;,.‘ ,“’:,:’
.&\@& .:,::’j;:i,;i$fl!:;:$::::::..($; ti;.Q@)+ ::~:!f?;:’~:::::?H; \:@imfii;::f”!,.F’”’ : : ; ‘
232~ 0.0499 S/E/M Based on uranium total; uses HDW isotopic

ratios.
233u 0.191 S/E/M Based on uranium total; uses HDW isotopic

ratios.
234u 2.60 S/E/M Based on uranium total; uses HDW isotopic

ratios.
235u 0.0908 SIEIM Based on uranium total; uses HDW isotopic

ratios.
236u 0.0205 S/E/M Based on uranium total; uses HDW isotopic

ratios.
237NP 0.104 M
23S~ 1.58 S/E/M Method varied by layer. See Section D3.5.
238u 2.78 SIEIM Based on uranium total; uses HDW isotopic

ratios.
23~ 158 S/E/M Method varied by layer. See Section D3.5.

‘% 14.5 S/E/M Method varied by layer. See Section D3.5.

‘“Am 0.482 S/EIM Method varied by layer. See Section D3.5.
241~ 48.3 SIE/M Method varied by layer. See Section D3.5.
242~m 8.65E-04 SIE/M Method varied by layer. See Section D3.5.

242PU 2.20E-04 S/E/M Method varied by layer-. See Section D3.5.

243Am 7.81E-06 S/E/M Method varied by layer. See Section D3.5.

243Cm 6.51E-05 S/E/M Method varied by layer. See Section D3.5.
244f.m 5.38E-05 SIE/M Method varied by layer. See Section D3.5.

Notes:
‘Alldata adjustedfor densityand watercontentfoundduring1998core samplingevent.
2S= sample-based,M = HDW model-based,and E = engineeringassessment-based.
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4.0 RECOMMENDATIONS

Safety screening DQO (Dukelow et al. 1995) issues have been reviewed, and no significant
exotherms exist. The flammable gas concentrations are Opercent of the LFL, and the
maximum total alpha activity is a factor of 1,000 times lower than the threshold for criticality.
Because none of the core samples and less than 25 percent of the core and auger samples had
exotherrns, the memorandum of understanding (Schreiber 1997b) indicates that organic
complexants are not an issue. The calculated pool size for organic extractants is smaller than
the threshold limit of concern (Meacham et al. 1997b)

Table 4-1 summarizes the Project Hanford Management Contractor (PHMC) TWRS Program
review status and acceptance of the sampling and analysis results reported in this TCR. All
DQO issues required to be addressed by sampling and analysis are listed in column 1 of
Table 4-1. Column 2 indicates by “yes” or “no” whether the requirements of the DQO were”
met by the sampling and analysis activities performed. A “yes” or “no” in column 3 intlcates
concurrence and acceptance by the program in PHMC/TWRS responsible for the applicable
issue. A “yes” in column 3 indicates that no additional sampling or analysis are needed.
Conversely, “no” indicates additional sampling or analysis maybe needed to satisfy issue
requirements.

Becairse the waste at the bottom of the tank was not sampled (see Section B2. 1) the safety
screening DQO has been only partially completed. The upper part of the waste was sampled
and analyzed in accordance with the safety screening DQO and accepted by the responsible
TWRS program.

Table 4-1. Acceptance of Tank 241-BX-110 Samrrlirwand Analvsis.

Organic complexant MOU2 Yes Yes

Organic solventsz lYes lYes

Pretreatment No (sample archived) NIA

Notes:
‘Partialcores retrieved.
‘Theorganicsolventand organiccomplexantissues are expectedto be closedin 1998.
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Table 4-2 summarizes the status of PHMC/TWRS, program review and acceptance of the
evaluations and other characterization information contained in this report. Column 1 lists the
different evaluations performed in this report. Column 2 shows whether issue evaluations have
been completed or are in progress. Column 3 indicates concurrence and acceptance with the
evaluation by the program in PHMS/TWRS that is responsible for the applicable issue. A
“yes” indicates that the evaluation is completed and meets all issue requirements.

Sampling and analysis for the safety screening issue is listed as “partial” because the full depth
of the waste was not sampled. However, none of the analyses indicated any safety problems
and no additional sampling is plamed at this time.

Notes
‘PHMCTWRS ProgratttOffice
‘Partialcores retrieved,additioml samplingnot recommended.
‘Theorganicsolventand organiccomplexantissues are expectedm be closedin 1998
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, APPEND% A

HISTORICAL TANK INFORMATION

Appendix A describes tank 241-BX-I 10 based on historical information. For this report,
historical information includes information about the fill history, waste types, surveillance, and
modeling data about the tank. This information is necessary for providing a balanced
assessment of sampling and analytical results.

This appendix contains the following information:

● Section A1.0: Current tank status, including the current waste levels and the tank
stabilization and isolation status

● Section A2.0: Information about the tank design

● Section A3.0: Process knowledge about the tank, the waste transfer history, and
the estimated contents of the tank based on modeling data

. Section A4.0: Surveillance data for the tank, including surface-level readings,
temperamres, and a description of the waste surface based on photographs

● Section A5.0: Appendix A references.

A1.O CURRENT TANK STATUS

As of December 31, 1997, tank241-BX-110 contained an estimated 783 kL (207 kgal) of
noncomplexed waste (Hanlon 1998). The liquid volume was determined by photographic
evaluation and manual tape surface level gauge measurements, and the solids volume was
determined using a manual tape surface level gauge. This estimate of tank volume was
changed from 749 kL (198 kgal) to 783 kL (207 kgal) in 1994 when a 60-cm-wide by
90-cm-high (2-ft-wide by 3-ft-high) ledge on the perimeter of the tank was taken into account.
Table Al-1 shows the volumes of the waste phases found in the tank.

In 1976, tank241-BX-110 was declared an assumed leaker (with a leak volume of
approximately 30 !d- [8 kgal]) and removed from service in 1997. It was interim stabilized in
1985; intrusion prevention (interim isolation) was completed in December 1982. The tank is
passively ventilated and is not on any Watch List (Public Law 101-510).
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A2.O TANK DESIGN AND BACKGROUND

The 241-BX Tank Farm was constructed from 1946 to 1947 in the 200 East Area of the
Hanford Site, and contains twelve 100-series tanks. These tanks have an operating capacity of
2,010 kL (530 kgal), and are 22.9-m (75-ft)-diameter tanks with a 5. 18-m (17-ft) operating
depth. Tank 241-BX-110 began operation in September 1949. Built as a first generation
design tank farm, the 241-BX Tank Farm was designed for nonboiling waste with a maximum
fluid temperature of 104 ‘C (220 “F). A 7.6-cm (3-in.) cascade overflow line connects three
tanks together in a step series. Tank 241-BX-110 is first in the three-tank cascade that includes
tanks 241-BX-111 and 241-BX-1 12. The cascade overflow height is approximately 4.6 m
(15 ft) from the tartk bottom and 60 cm (2 ft) below the top of the steel liner.

Tank 241-BX-110 has a dished bottom with a 1.2-m (4-ft) radius knuckle. Similar to all other
single-shell tank farms, the BX Tank Farm tanks are designed with a mild steel primary liner
and a concrete dome with various risers. The tank is set on a reinforced concrete foundation,
and is covered with approximately 2.4 m (8 ft) of overburden.

Tank 241-BX-110 is equipped with nine risers through the tank dome and two belowgrade
manholes. The risers range in diameter from 10 cm (4 in.) to 30 cm (12 in.). The below
grade manholes are 1.1 m (42 in.) in diameter. Table A2-1 shows each riser number, size,
and description. Figure A2- 1 shows the riser configuration. Rkers 3 and 6, each 30 cm
(12 in.) in diameter, are available for use. Figure A2-2 shows the approximate waste level
and a schematic of the tank equipment. Like all single-shell tanks, tank241-BX-110 is out of
service.
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Notes:
‘Alstad(1993),Tran (1993),LIpnicki(1997),and Vitro(1998)
‘ENRAFis a trademarkof ENRAF Corporation,Houston,Texas
3Denotesrisers tentativelyavailablefor sampling(LIpnicki1997)
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Figure A2-1. Riser Configuration for Tank 241-BX-110.
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Figure A2-2. Tank241-BX-110 Cross Section and Schematic.
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A3.O PROCESS KNOWLEDGE

The sections below provide information about the transfer history of tank
241-BX-110, describe the process wastes that made up the transfers, and estimate the current
tank contents based on transfer history. I

A3.1 WASTE TRANSFER HISTORY

Table A3-1 summarizes the waste transfer history of tank 241-BX-110 (Agnew et al. 1997b).
During the third quarter of 1949, tank241-BX-110 received lC waste from the B Plant
bismuth phosphate (BiPOt) process. In the first quarter of 1950, the lC waste started to
cascade to tanks 241-BX-111 and 24 I-BX-1 12. The cascade ended in the second quarter of..
1950. In late 1953 and early 1954, the supematants were decanted to the B-039 crib. In
1954, tank 241-BX-111 in 1954. Supematants were transferred to tank 24.1-C-111for
ferrocyanide scavenging in 1957. The tank received flush water from miscellaneous sources in
1961 and 1968.

In 1964, supernatant was received from tank 241-C-102, which had received PUREX cladding
waste. In 1968, supematant was transfemed to tank 24I-BX-106. In 1969, tank 241-BX-110
received waste from the B Plant ion exchange process which recovered cesium from various
tank wastes. Supematant was transferred to tank 241-BY-102 in 1969 and to tank 241-BX-104
in 1970. From 1972 to 1973, tank 241-BX-110 supported the in-tank solidification process.
Supematant concentrates were received from tank 24I-BY-109 and frequent transfers of this
waste type were sent to and from tank241-BX-110 and tank 241-BY-I 12 until 1973.

After elevated dry well radiation readings called the integrity of tank241-BX-110 into
question, the tank was declared inactive in the second quarter of 1977. Supematant was
transferred to tank 241-A-102 in 1977 and 1980. Rainwater and snowmelt were inadvertently
channeled into tank 241-BX-110 in 1980 via trenches excavated to install salt well transfer
lines. In 1983 and 1988 salt well liquor was pumpted to tanks 241-AY-102 and 241-AW-101,
respectively.

A-8



HNF-SD-WM-ER-566 Rev. 1

t
Table A3-1. Tank241-BX-110 Major Transfers .’,2.3.4.5,6

;.,..,>.,;,.:,,.,,:. ,:,.,,., . . .,...:4,,::,:.!. .. , <.’:...::.,,.>:.,’:,...,Y:,:.., .- .. ,,. ::,.$.2
:g~r~;r$ ?~,@2&i;::g:j $~,:!:<z$~g: ii:i’$:?23%$: .WW!$4!:MRN$2XQI!EW.
i;!ii$6wiw’ ;jm~$~;~i; ;.g%g:%$g: ‘@rnfiisi*:: :’i:w;;? Tl!$& ‘!$;’

.. ..... ,,,.,.,..,..:
,,...

B Plant -- lC 1949-1950 4,013 1,060
. . Cascade to lC 1950 (-1,983) (-524)

241-BX-111
. . B-039 crib Supernatant 1953-1954 (-1,113) (-294)

24I-B-105 -- EB (242-B) 1954 1,113 294
-- 241-BX-111 Supematant 1954 (-151) (-40)
-- 241-C-111 FeCN 1957 (-761) (-201)

Scavenging

244-BXR -- Flush water 1961 83 22 ‘-

241-C-102 -- Supematant 1964 583 . 154
. . 241-BX-106 Supematant 1968 (-905) (-239)

B Plant -- CSR 1969 867 229

241-BX-102 Supematant 1969 (-05) (-33)
-- 241-BX-104 Supematant 1970 (-1,088) (-285)

241-BY-109 -- ITS bottoms 1972-1973 3,267 863
241-BY-112
-- 241-BY-112 Supematant 1972-1973 (-2,252) (-595)
-- 241-A-102 Supematant 1977 (-946) (-250)
-- 241-A-102 Supematant 1980 (-193) (-51)

Intrusion Storm water 1980-1981 30 8
.- 241-AY-102 Supematant 1983-1988 (-15) (-4)

241-AN-101 salt well

Notes:
EB = Evaporatorbottomsfromthe 242-BEvaporator.
Ic = First cycle decontaminationwaste fromthe B PlantBIPO,process.
ITS = In-tanksolidification.
CSR = Cesiumrecoverywaste fromB Plant ionexchangeprocess.

‘Agnewetal. (1997b)
‘Anderson(19S0)
‘Brevicket al, (1997)
‘Rockwell(1980)
Rockwell (1981)
6Becauseof unknownminortransfers, the totalvolumedoesnorequal the currentvolume
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A3.2 HISTORICAL ESTIMATION OF TANK CONTENTS

The historical transfer data used for this estimate are from the following sources.

● Waste Status and Transaction Record Summary: WSTRS,Rev. A, (Agnew et al
1997b) is a tank-by-tank quarterly summary spreadsheet of waste transactions.

. Hanford Tank Chemical and Radionuclide Inventories: HD WModel Rev. 4
(Agnew et al. 1997a) contains the HDW list, the supematant mixing model
(SMM), the tank layer model (TLM), and the historical tank content estimate
(HTCE).

● The HDW list comprises approximately 50 waste types defined by concentration
for major analyes/compounds for sludge and supematant layers. . .

● The TLM defines the sludge and saltcake layers in each tank using waste
composition and waste transfer information.

● The SMM is a subroutine within the HDW model that calculates the volume and
composition of certain supematant blends and concentrates.

On the basis of these records, the TLM defines the sludge and saltcake layers in each tank.
The SMM uses information from the waste status and transaction record summary (WSTRS),
the TLM, and the HDW list to describe the supematants and concentrates in each tank.
Together the WSTRS, TLM, SMM, and HDW list determine the inventory estimate for each
tank. These model predictions are considered estimates that require further evaluation using
analytical data.

Based on Agnew et al. (1997a), tank241-BX-110 contains 219.5 kL (58 kgal) of lC1 waste,
370.9 kL (98 kgal) of 1C2 waste, and 159 kL (42 kgal) of BYSltCk waste. In comparison
with the Harden (1998) waste volumes shown in Table 1-2, the HTCE predicts more saltcake,
less sludge, and no supematant are contained in the tank. Figure A3-1 is a graphical
representation of the estimated waste types and volumes for the tank layers.

The IC1 sludge is predicted to contain above one weight percent of sodium, aluminum, iron,
hydroxide, nitrate, and phosphate. The constituents predicted to be above 0.1 weight percent
for IC1 waste are bismuth, calcium, nitrite, carbonate, sulfate, and silica. The 1C2 sludge is
predicted to contain above one weight percent of sodium, iron, hydroxide, nitrate, nitrite, and
phosphate. The constituents predicted to be above 0.1 weight percent for 1C1 waste are
aluminum, bismuth, calcium, nitrite, carbonate, sulfate, and silica. For the BY saltcake waste
type, the HDW model predicts greater than one weight percent of sodium, aluminum,
hydroxide, nitrate, carbonate, sulfate, and nitrite. The constituents predicted to be above
0.1 weight percent for BY saltcake are chromium, phosphate, silica, chloride, citrate, acetate,
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dibuttyi phosphate, and butanol. The presence of cesium and strontium will give each waste
type of modest activity. Table A3-2 shows the historical estimate of the expected waste
constituents and their concentrations.

Figure A3-1. Tank Layer Model.

219.5 kL [58 kgal] ICI

k’

370.9 kL [98 kgall 1C2

a
Q

,+>
al
TJl

b
159 kL [42 kgal] BYSltCk

2

Waste Volume

A-11



HNF-SD-WM-ER-566 Rev. 1

I I t 1 1

cl” 15.28E-02 1.32E+03 1.40E+03 3.98E-02 15.86E-02
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I ../ I I I I

EDTA4- 11.14E-03 1231 1246 11.00E-03 11.16E-03

HEDTA3- 11.54E-04 !29.6 131.6 14.64E-05 11.96E-04

Giycolate- 3.57E-03 188 201 1.81E-03 4.07E-03

Acetate- 6.77E-03 281 300 5.90E-03 6.92E-03

Oxalate’- 5.69E-07 3.52E-02 3.75E-02 4.16E-07 6.49E-07

DBP 5.39E-03 797 848 4.64E-03 5.50E-03 -

Butanol 5 .39E-03 281 299 4.64E.03 5.50E-03

NH, 5.57E-02 666 709 4.52E-02 6.52E-02

k==
12.sIE-05 11.98E-02 121.1 14.55E-07 12.87E-05 I

17.30E-06 5. 14E-03 [5.47 19.41E-08 7.82E-06

17.96E-07 15.60E-04 10.596 12.67E-os 18.61E-07
63Ni 7.87E-05 15.54E-02 59.0 2.42E-06 18.53E-05

‘co 16.77E-06 14.76E-03 15.07 12.20E-08 16.91E-06

79Se 16.25E-07 4.39E-04 10.468 \1.98E-08 18.87E-07

RSr 3.60E-02 25.3 2.69E+04 3.00E-02 3.93E-02

WY ]3.60E-02 125.3 2.70E+04 18.97E-03 13.93E-02

‘Zr 13.OIE-06 12.12E-03 12.26 19.42E-08 14.31E-06

., 93rnNb [2.19E-06 11.54E-03 11.64 \7.94E-08 13.09E-06

‘Tc 14.08E-05 12.87E-02 130.6 12.14E-05 14.64E-05

lWRU 1.35E-09 19.47E-07 11.OIE-03 19.50E-15 11.57E-09

113mCd 11.57E-05 11.1OE-O2 111.8 12.33E-07 12.33E-05
ms~ 3.03E-05 2.13E-02 122.7 /2.07E-08 13.09E-05
126sn 19.34E-07 16.57E-04 10.700 12.99E-08 11.33E-06

1 f I 1 ,

129I 17.90E-08 15.56E-05 15.92E-02 14.12E-08 18.98E-08

I’”c, 13.29E-07 12.32E-04 10.247 I8.72E-10 13.34E-07 I
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Table A3-2. Historical Tank 241-BX-110 Inventory Estimate.123 (4 sheets)

137~5 14.21E-02 129.6 13.15E+04 2.36E-02 15.07E-02

137mBa 13.98E-02 128.0 12.98E+04 19.64E-03 14.25E-02 i
151sm 12.17E-03 11.52 11.62E+03 17.38E-05 13.06E-03
152EU 19.78E-07 16.ssE-04 10.733 12.90E-08 19.83E-07
154EU 1.14E-04 8.04E-02 85.7 4. OIE-07 1.42E-04
155E” 5.96E-05 4.20E-02 44.7 2. 16E-06 6.00E-05
226~a 3.43E-11 2.41E-08 2.57E-05 5.22E-12 4.86E-11 ‘“

228Ra 3.61E-07 2.54E-04 0.270 1.07E~16 3.67E-07

1227Ac I4.3sE-10 13.08E-07 13.28E-04 12.67E-11 16.99E-10 I
1231~a 12.18E-09 11.53E-06 11.63E-03 15.82E-11 13.48E-09 I
2291.h Is.33E-09 15.86E-06 16.24E-03 12.08E-14 18.47E-09
232T~ 1.33E-08 [9.37E-06 19.98E-03 2.67E-17 2.05E-08
232~ 12.oIE-06 !l.41E-03 11.51 19.04E-07 13.32E-06
233u 17.70E-06 15.42E-03 5.77 13.46E-06 1.27E-05
234u

11 .24E-05 18.75E-03 19.32 t1.13E-05 11.28E-05
235u 15.49E-07 13.87E-04 10.412 15.00E-07 15.66E-07
236u 11.22E-07 18.58E-05 19.14E-02 ~1. 1OE-O7 11.26E-07
238u

11 .32E-05 19.30E-03 19.91 11.21E-05 1.36E-05
237NP

1.39E-07 9.76E-05 0.104 7.70E-08 1.55E-07

Wu 17.75E-07 15.45E-04 10.581 14.77E-07 11.07E-06

23% 5. 17E-05 [3.63E-02 38.7 2.79E-05 7.05E-05

12% 16.28E-06 14.42E-03 14.70 13.95E-06 k.12E-06 I
1 I 1 l----–

-.
l---–—

24’PU 14.86E-05 13.42E-02 136.5 12.72E-05 17.00E-05 i

242PU I2.31E-10 11.63E-07 11.73E-04 1.29E-10 I3.34E-10 .
241~ 19.63E-06 16.78E-03 7.22 3.48E-06 1.49E-05

243Am 13.28E-10 12.31E-07 12.46E-04 II. O2E-10 I5.43E-10
242~m 16.59E-10 14.64E-07 14.94E-04 15.37E-10 I6.78E-10

1243Cm 11.35E-11 19.50E-09 11.OIE-05 I1.1OE-1I 11.39E-11 I

I’UCm 17.48E-11 15.27E-08 15.61E-05 13.16E-11 18.64E-11 I
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RI \7.85E-04 (g/L) ---- 0.588 3.92E-04 1.1OE-O3

u 10.158 12.64E+04 2.81E+04 0.143 0.162

Notes:
CI = cotildence interval

‘Agnewet al. (1997a)

‘Thesepredictionshave not beenvatidatedand shouldbe usedwith caution,
.

3Uttknown.sin tank solids inventoryare assignedby the TLM

%is is the volumeaveragefor density,mass average water wt%, and l_Oc wt% C!.’

‘Differencesexist amongthe inventoriesin this columnand the inventoriescalculatedfromthe twosets of
concentration.

A4.O SURVEILLANCE DATA

Tank 241-BX-110 surveillance consists of surface-level measurements (liquid and solid) and
temperature monitoring inside the tank (waste and headspace), and leak detection well
(drywell) monitoring for radioactivity outside the tank. Surveillance data provide the basis for
determining tank integrity.

Liquid-level measurements can indicate whether the tank has a major leak and can also detect
liquid intrusions into the tank. Solid surface-level measurements indicate physical changes in
and consistencies of the solid layers of a tank. Drywells located around the tank perimeter

, may show increased radioactivity caused by leaks.

A4.1 SURFACE-LEVEL READINGS

The waste surface level for tank 241-BX-110 was measured by a manual tape until June 1996.
An automatic ENRAFM surface-level gauge has monitored the waste surface level since
June 1996. On May 1, 1998, the waste surface level was 2.01 m (79.3 in.), as measured by
the automatic ENRAFm system. Figure A4- 1 shows the volume measurements as a level
hktory graph. It should be noted that the ENRAF’” system reports surface levels referenced to
the lowest point on the dished tank bottom. This is 0.31 m (12 in.) below the reference point
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used b; the manual tape measurements, and causes the ENRAFm system to report surface
levels 0.31 m (12 in.) higher than the corresponding manual tape measurement.

Tank 241-BX-I 10 is categorized as an assumed leaker, and has been isolated from all liquid
sources. The automatic ENRAFm gauge on riser 2 is used to monitor the surface level for
liquid intrusion. The maximum allowable deviation from the baseline surface level is an
increase of 7.62 cm (3 in.). Because the tank contains mostly salt cake and sludge, the surface
level readings are not monitored for decreases, and are not relied upon for leak detection
(Hanlon 1998).

The waste surface level, which has remained steady for the past three years, ranges between
2.00 and 2.02 m (78.8 and 79.5 in.).

TWO occurrence reports were issued because of liquid level increases. The January 1980 . .
report attributed the increase to rapid snowmelt runoff though a pump pit under construction,
and the January 1981 report attributed the increase to precipitation tbrough,a riser in the pump
pit. In both cases, trenches excavated for installation of salt well transfer piping channeled the
mnoff toward tank 241-BX-1 10.

A4.2 INTERNAL TANK TEMPERATURES

Tank 241-BX-110 has a single thermocouple tree in riser 1 which contains 14 thermocouples to
monitor the tank temperature. Since May 1994, daily temperature readings are available for
thermocouples 1, 2, 3, 4, 7, and 11. Temperature data are available from October 14, 1971,
to May 31, 1998 from the Surveillance Analysis Computer System (LMHC 1998) (SACS).
Thermocouple 1 is 40 cm (1.3 ft) from the bottom of the tank. Thermocouples 2 through 12
are at 60 cm (2 ft) intervals above thermocouple 1. Thermocouples 13 and 14 are at 122 cm
(4 ft) intervals above thermocouple 12. Thermocouples 1 through 3 are in the waste. The
remaining thermocouples are in the vapor space.

The average temperature for the SACS data is 18.4°C (65.1 “F), the minimum temperature is
12.8 ‘C (55 “F), and the maximum temperature is 51.7 “C (125 “F). The average..
temperature per the SACS data over the past year (May 31, 1997 to May 31, 1998) was
18.2 “C (64.7 “F) the minimum was 16.1 “C (61 “F) and the maximum was 20.9 “C
(69.6 “F). The highest temperature on May 31, 1998 was 17.6 ‘C (63.7 “F) on
thermocouple 1 and the minimum was 16.7 “C (62.6 ‘F) on thermocouple 4. A graph of the
weekly high temperatures can be found in Figure A4.2. Plots of the individual thermocouple
readings can be found in the BX Tank Farm Suppo~ing Documentfor the Historical Content
Estimate (Brevick et al. 1997).
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A4.3 TANK 241-BX-11OPHOTOGRAPHS I

Photographs of the tank interior are available from the Tank Characterization and Safety
Resource Center and from the Vidon photo/video library. Tank241-BX-110 has been
photographed on numerous occasions over the years, but not all photographs referred to
anecdotically in historical documentation are available at this time. In particular, the
photographs of the drill string during the 1978 core sampling event, which would be of great
utility in understanding the conditions encountered during the 1997 core sampling event, have
not been located.

The July 1994 photographic montage of tank 241-BX-110’s interior reveals translucent pools
of liquid (mostly in the center) on an irregular solid surface of saltcake that appears to be on
top of sludge. A heavy coating of light-colored saltcake clings to the tank perimeter. Visible
equipment and debris include a manual tape, a thermocouple tree, both salt well screens, and.
several nozzles. Currently, tank 241-BX-110 contains 783 kL (207 kgal) of waste (Hanlon
1998). It is unclear whether addhional supematant pumping has taken place since the
photograph date. Considering the small amount of supematant in question, the photograph
should accurately show the tank contents even if supematant was pumped from the tank after
the photographs were taken. To account for the saltcake on the tank perimeter (the saltcake is
estimated to be 61 cm [2 ft] wide by 91 cm [3 ft] high), a volume adjustment was made in
October 1994. An in-tank video was taken October 13, 1994.

A4.4 TANK 241-BX-11ODRYWELL READINGS

Tank 241-BX-110 has no liquid observation well, but it has five identified dry wells. Dry
wells 21-10-01, 21-10-03, and 21-10-05 were active before 1990 and have readings greater
than 200 counts/second. These readings are consistent with the classification of
tank 241-BX-110 as an assumed leaker.
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Figure A4-1. Tank241-BX-110 Level History.
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Figure A4-2. Tank241-BX-110 High Temperature Plot.
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APPENDIX B

SAMPLING OF TANK 241-BX-11O

Appendix B provides sampling and analysis information for each known sampling event for
Tank 241-BX-110 and assesses the core sample results. Appendix B includes the following.

● Section B1.0:

c Section B2.0:

. Section B3.0:

● Section B4.0:

Tank Sampling overview

Sampling Events

Assessment of Characterization Results
. .

Appendix B References

Future sampling information for Tank241-BX-110 will be appended to the above list.

B1.O TANK SAMPLING OVERVIEW

This section describes the sampling and analysis events for Tank 241-BX-110. The recent
sampling events used for characterization (auger, vapor, and push mode) are listed in
Table B2-1, along with respective data quality objectives for each sample. The auger sampling
event was directed by Tank 241-BX-110Auger Sampling and Analysis Plan (Schreiber 1995b).
The sampling and analysis plan that dkected the vapor sampling was Vapor Sampling and
Analysis Plan (Homi 1995). The push mode core sampling was directed by Tank 241-BX-110
Rotary Mode Core Sampling and Analysis Plan (Schreiber 1997c). Historical sample events,
including the 1975 liquid sample, 1976 liquid sample, 1978 core sample, 1990 grab sample,
and 1993 grab sample, are briefly described as well, but are of limited use for characterization
because of incomplete information regarding sample collection, analytical tectilques, and

., quality control (QC) parameters. Further discussions of the sampling and analysis procedures
can be found in Tank Characterization Reference Guide (DeLorenzo et al. 1994).

I
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B2.O SAMPLING EVENTS

This section describes sampling events for tank 241-BX-110. Tables B2-10 through B2-53
show analytical results. Section B2. 1 describes”the 1997 core sampling event. Section B2.2
describes the 1996 vapor sampling event. Section B2.3 describes the 1995 auger sampling
event. Section B2.4 describes grab sample events. Historical sample events are described in
Section B2.5. The analytical results used to characterize current tank contents were the 1978
core sample, 1995 auger sample, 1996 vapor sample and 1997 core sample. Table B2-1
summarizes the sampling and analytical reqttirements from the applicable DQOS.

B2.1 1997 CORE SAMPLING EVENT

This section describes the May 1997 core sampling and analysis events for tank 241-BX-110~-
Push core samples were taken to satisfy the requirements of Tank Safety Screening Data
Quali~ Objective (Dukelow et al. 1995), and Memorandum of Understandingfor the Organic
Complexant Safety Issue Data Requirements (Schreiber 1997b). The sampling and analyses
were performed in accordance with the Tank 241-BX-110Rotary Mode Core Sampling and
Analysis Plan (Schreiber 1997c). That document, called a tank sampling and analysis plan
(TSAP), also specified that if enough samples were recovered, composite material would be
retained for pretreatment studies as guided in the”S?rategyfor Sampling Hanford Site Tank
Wastesfor Development of Disposal Technology (Kupfer et al. 1995). Further discussions of
the sampling and analysis procedures can be found in the Tank Characterization Reference
Guide (DeLorenzo et al. 1994).

Two full vertical core samples from tank 241-BX-110 were sought to meet the safety screening
DQO. The tank was originally scheduled to be core sampled by rotary mode, but push mode
sampling was employed because the material was expected to be mostly soft, wet sludge
overlain with a layer of saltcake that was readily penetrated during the 1995 auger sampling
event. Two push mode core samples were collected from risers 3 and 6 of tank 241-BX-110.
However, neither riser 3 nor riser 6 yielded a full core as specified in the TSAP (Schreiber
1997c). No lithlum bromide solution was used during sample collection.

.,
Core 197 was obtained on May 19 and 20, 1997. The core was to have consisted of one
25-cm (lO-in.) segment and three 48-cm (19-in.) segments taken from the material directly
below riser 6. However, the 2,000-lb high downforce limit was reached 15 cm (6 in.) into
segment 2, and the sampler was removed from the tank. The downforce limit was increased to
2,900-lb, and sampling resumed as segment 2A. Sampling of riser 6 was terminated when the
2,900-lb downforce limit was encountered 19 cm (7.5 in.) into segment 2A. The nature of the
obstruction beneath riser 6 is not known. The presence of pipes, tapes, sludge weights, and
other debris on the waste surface, as in-tank photos show, gives rise to the suspicion that
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T~ble B2-1. Intemated Data Oualitv Obiective Requirements for Tank 241-BX-I 10.

tish mode core Safety screening Full-depth core samples
Impling - Energetic from a minimum of two
tay 1997 - Moisture content risers separated radially

- Total alpha to the maximum extent
- Flammable gas possible

(Dukelow et al. 1995) J
Combustible gas

Organic complexants measurement
memorandum of
understanding
LSchreiber 1997b)

Disposal technology Core samples from sludge
(Kupfer et al. 1995) layer

rapor sampling Hazardous vapor’ Steel canisters, triple
ipril 1996 (Osborne and Buckley sorbent traps, sorbent

1995) tra~ 5vstems

Organic solventsl Headspace vapor samples
(Meacham et al. 1997)

Lugersampling Safety screening Core samples from a
)ctober 1995 - Energetic minimum of two risers

- Moisture content separated radially to the
- Total alpha maximum extent possible
- Flammable gas

(Dukelow et al. 1995) Combustible gas
measurement

Organicsl
(Turner 1995)

‘flammability,
nergetics, moisture,
xal alpha activity,
ensity, anions,
ations, radionuclides,
‘OC, separable
rganics

mchive

lammable gas,
rganic vapors,
errnanent gases

‘otal nomnethane
hydrocarbons

hrergetics, moisture
ontent, density, total
lpha activity, TOC,
eparable organics

Note:
I’llis issuewas applicableat the timeof sampling,but is either closedout or will be closedout in the near
future.
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simila~debris may be present below the surface. &tematively, the sampler may have
encountered a region of hard saltcake. Segment 2A’s low moist&e content is consistent with
the presence of a hard saltcake layer. Similar difficulties penetrating the saltcake layer were
encountered during the November 1978 core sampling event (Jungfleisch 1980). Extrusions
for core 197 were performed on June 2, 1997.

Core 198 was obtained from riser 3 on May 21 and 22, 1997. The core was to have consisted
of one 25-cm (l O-in.) segment and three 48-cm (19-in.) segments taken from the material
directly below riser 3, but the tank bottom detector tripped, limiting segment 4 to 33 cm
(13 in.). The sampler passed easily througli the waste, requiring a maximum downforce of
only 1,100 lb for segment 2. Extrusions for core 198 were performed June 2 through June 5,
1997.

A possible explanation for the relative ease of penetrating the waste below riser 3 compared 10
that below riser 6 is the extensive disturbance of the waste during the November 1978 core
sampling event. Jungfleisch (1980) stated that the drill string was rotated in a “whip”
condition (the tip was spiming in an arc of about 50 cm [20 in.]) and lowered over 200 cm
(79 in.) into the waste. A search of documentary and photographic records failed to determine
which riser was subjected to this treatment. The July 30, 1985 in-tank photographs show
a circular depression in the waste below riser 3, but it is not possible to confirm whether the
waste below riser 3 was indeed the location sampled and disturbed in the November 1978
sampling event.

Only the safety screening DQO (Dukelow et al. 1995) and organic complexant memorandum
of understanding (Schreiber 1997b) were applicable to the solid samples at the time of
sampling. Safety screening and organic complexant analytes are listed in Table B2-1. Organic
complexant amlytes include TOC to determine the amount of organic carbon present, and
DSC to measure the fuel energy of the waste. Additional analyses were conditional on the
decision logic in Schreiber (1997b), and were not required because of the absence of
exothenns in the DSC analyses. Opportunistic analyses included inductively coupled plasma
spectroscopy(ICP) and ion chromatography (IC). The full range of analytes was obtained
both ICP and IC analyses. Analyses that correspond to the analytes listed are found in
Table B2-2.

for
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t
Table B2-2. Tank241-BX-110 Subsamulirw Scheme and Samde DescrirXion.l

97:1

97:2

97:2A

98:1

98:2

98:3

98:4

97-01

97-2

97-2A

98-2

98-3

98-4

Note:
‘Nuzum(1998)

=

Separated into two layers, dark
green liquid phase on top of bluish

Solids, lower half Bluish gray. Resembled a wet

5.1 Drainable liquid Bluish gray and opaque

0.1 Solids, lower half Bluish gray. Resembled a wet . .
salt.

8.8 Drainable liquid Brownish green and opaque

15.3 Solids, upper half Yellowish brown. Resembled a
wet salt.

16.3 Solids, lower half Yellowish brown. Resembled a
wet salt. I

4.6 Drainable liquid Brown and opaque.

84.2 Solids, lower half Yellowish brown. Resembled a
I Iwet salt. I

82.6 Solids, lower half Light brown. Resembled a sludge
slurry.
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B2.1.1 Sample Handling

The TSAP (Schreiber 1997c) states that core samples should be transported to the laboratory
withlrr three calendar days from the time each segment is removed from the tank. This
requirement was not met for either core.

The riser 6 sample, core 197, segments 1, 2, and 2A, arrived at the 222-S Laboratory on
May 29, 1997. Extrusion on June 2, 1997 revealed that segment 1 contained 15 cm (6 in.) of
bluish-gray saltcake and 114.3 g of liquid. The liquid separated into two phases after sitting
several hours in the collection jar. The small amount of dark green liquid floating on the
remaining bluish-gray liquid portion was subsarnpled and analyzed by DSC, thermogravirnetric
analysis (TGA), IC, and ICP. Segment 2 yielded 8 cm (3 in.) of bluish-gray saltcake and
75.1 g of bluish-gray, opaque liquid. Segment 2A contained 5 cm (2 in.) of light green, wet
salt and 221.0 g of light green, opaque liquid. Table B2-2 gives the subsampling scheme and.
sample description for the core sample.

The riser 3 sample, core 198, segments 1, 2, 3, and 4, arrived at the 222-S Laboratory on
May 29 and 30, 1997. Extrusion on June 2 through June 5, 1997 revealed that segment 1
contained 98.9 g of opaque, brownish green liquid and no solids. Segment 2 yielded 33 cm
(13 in.) of yellowish brown salt and 58.8 g of opaque brown liquid. The solid portion of
segment 2 was divided into a 115.3-g upper half and a 216.3-g lower half for analysis.
Segment 3 yielded 23 cm (9 in.) of yellowish brown salt and 34.6 g opaque brown liquid.
Segment 4 yielded 28 cm (11 in.) of light brown sludge slurry and no drainable liquid.
Table B2-2 gives the subsampling scheme and sample description for the core sample.

B2. 1.2 Sample Analysis

The analyses performed on the core samples were limited to those required by the safety
screening DQO and the organic complexant memorandum of understanding (Schreiber 1997b).
The analyses required by the safety screening DQO included analyses for thermal properties by
DSC, moisture content by TGA, organic carbon by persulfate oxidation (for solid samples
only), density by gravimetry and content of fissile material by total alpha activity analysis.
The organic complexant memorandum of understanding required energetic by DSC, moisture..
content by TGA, and total organic carbon by persulfate oxidation. Lhhium analyses by ICP
and bromide analyses by IC were required by the TSAP,to detect the intrusion of hydrostatic
head fluid in the event that lithium bromide-containing hydrostatic head fluid was used.
Moisture content by gravimetry and by near infrared spectroscopy were requested by the
TSAP to support method development work, but the request was canceled prior to analysis of
the samples (Schreiber 1997a).

Differential scanning calorimetry and TGA were performed on samples ranging in size from
6.360 mg to 55.550 mg. Quality control tests included performing the analyses in duplicate
and using standards.
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Total aipha activity measurements were performed on samples that had been fused in a solution
of potassium hydroxide and then dissolved in nitric acid. The resulting solution was dried on
a counting planchet and counted in an alpha proportional counter. Quality control tests
included standards, spikes, blanks, and duplicate analyses.

Ion chromatography was performed on samples that had been prepared by water digestion.
Quality control tests included standards,”spikes, blanks, and duplicate analyses. The TSAP
required only measuring the bromide content of the samples. A full suite of IC analytes was
obtained opportunistically.

Inductively coupled plasma spectrometry was performed initially on samples that had been
prepared by fusion with potassium hydroxide, followed by dissolution in nitric acid. Quality
control tests included standards, blanks, spikes, and duplicate analyses. The SAP required
only measuring the lithium content of the samples. A full suite of IC analytes was obtained..
opportunistically.

Total organic carbon was analyzed for the solid samples by the persulfate oxidation method.
Total inorganic carbon analyses were obtained opportunistically in conjunction with the TOC
analyses.

All reported analyses were performed according to approved laboratory procedures.
Table B2-3 lists procedure numbers and applicable analyses.

Table B2-4 is a summary of the sample portions, sample numbers, and analyses performed on
each sample.

Total alpha activity Alpha proportional counter lLA-508-101

Flammable gas Combustible gas analyzer \wHc-IP-0030 IH 1.4 and IH-2. 12

TIC/TOC Persulfate coulometry LA-342-1OO

Metals by ICP/AES Inductively coupled plasma LA-505-151
spectroscopy LA-505-161

Anions by IC Ion chromatography LA-533-105
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Table B2-3. Analytical Procedures. (2 sheets)

Density (liquids) Specific gravity by gravimetry ILA-51o-II2

Notes:
AES = atomicemissionspectroscopy

‘Nuzum(1998)

2SafetyDepartmentAdministrativeManuals,WestinghouseHanfordCompany,Ricbkmd,Washington:
IH 1.4, industrialHygieneDirect Readkg InstmmcntSurvey
IH 2.1, StandardOperatingProcedure,MSAModel260 CombustibleGas and OxygenAmlyzer

“., . ma . m. ,– -.. m.,,.,,”. ,. . ...--..”.. ,a .,....-.Iame w-+. laMz+l-~A-llu aamule~nawsls cwnrnarv. {~ sneem~

.,

upper half

Solids, lower half Is97To01260 lBulk densitv

1“ S97TO01262 lTIC2/TOC,DSC/TGA,
IDSC

S97TO01280 IICP, alpha
I I I

S97TO01281 IICP, alpha

S97TO01284 IIC
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.,

Core 197,
Cent’d) segment 2A

Core 198,
segment 1

Core 198.
Isegment 2

Core 198,
segment 3

Core 198,
segment 4

:ainable liquid ‘ S97TO01279 Specific gravity, ICP,
IC, TGA, DSC, alpha

IIids, lower half S97TO01264 Bulk density

S97TOO1270 lTIC/TOC, TGA, DSC

S97TOO1282 ICP, alpha

S97TOO1285 Ic

:ainable liquid S97TOO1322 Specific gravity, ICP,
IC, TGA, DSC, alpha

:ainable liquid IS97TOO1323 \Specific gravity, ICP, ‘-
IC, TGA, DSC, alpha

}lids,upper half S97TO01299 Bulk density

S97TOO1305 TIC/TOC. TGA. ‘DSC

S97TOO1308 IICP

S97TOO1311 IIC

l-+==~lids,lower half S97TO01298

S97TO01307 ICP, alpha

S97TOO131O IIC

S97TO01312 IC

lids, lower half S97TO01325 Bulk density

S97TO01326 TIC/TOC> TGA, DSC

S97TO01328 ICP, alpha

S97TO01329 IC
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B2. 1.3’ Analytical Results

This section summarizes the sampling and analytical results associated with the May 1997
sampling and amlysis of Tank 241-BX-I 10. Table B2-5 indicates which Appendix B tables
contain the total alpha activity, percent water, energetic, IC, ICP, TIC, TOC, and density
analytical results associated with this tank. These results are documented in Nuzum (1998).

Total alpha activity B2-41

Percent water B2-40

Differential seaming calorimetry B2-39 . .

Cations by ICP B2-10 to B2-30

Anions by IC IB2-30 to B2-37

Density by gravimetry B2-38

Total organic carbon IB2-43

Total inorganic carbon B2-42

The four QC parameters assessed in conjunction with tank241-BX-110 samples were standard
recoveries, spike recoveries, duplicate analyses (relative percent differences [RPDs]), and
blanks. The QC criteria are specified in the TSAP (Schreiber 1997c). Sample and duplicate
pairs, in which any QC parameter was outside these limits, are footnoted in the sample mean
column of the following data summary tables with an a, b, c, d, e, or f as follows.

● “a” indicates the standard recovery was below the QC limit.
● “b” indicates the standard recovery was above the QC limit.
● “c” indicates the spike recovery was below the QC limit.
● “d” indicates the spike recovery was above the QC limit.
● “e” indicates the RPD was above the QC limit.
c “f” indicates blank contamination.

In the analytical tables in this section, the “mean” is the average of the result and duplicate
value. All values, including those below the detection level (denoted by “<”) were averaged.
If both sample and duplicate values were nondetected, or if one value was detected while the
other was not, the mean is expressed as a nondetected value. If both values were detected, the
mean is expressed as a detected value.
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B2.1.3~1 Total Afpha Activity. Analyses for total alpha activity were performed on the
samples recovered from tank 241-BX-110. Solid samples were prepared by fusion digestion.
Two fusions were prepared for each sample (for duplicate results). Each fused dilution was
analyzed twice, and the results were averaged and reported as one value. The highest result
returned was 0.0234 pCi/g. One drainable liquid sample exhibited alpha activity above the
detection limit, with a result of 0.00501 uCi/mL.

The RPD between sample and duplicate for the lower half of segment 1 of core 197 was
32.7 percent, and is attributed to the sample’s low alpha activity. Rerun analyses were not
requested. Spike recoveries for the lower htdf of segment 1 of core 197 and for the lower half
of segment 4 of core 198 were 65.4 percent and 70.0 percent, respectively. In both cases the
spike recovery was well within method control limits for the standard. Rerun analyses were
not requested. One of the preparation blanks showed total alpha activity above the detection
limit. The level in the preparation blank is inconsequential when compared to sample results.
and does not impact sample data quality.

B2. 1.3.2 Thermogravimetric Analysis. Therrnogravimetric analysis measures the mass of
a sample as its temperature is increased at a constant rate. Nitrogen is passed over the sample
during heating to remove any released gases. A decrease in the weight of a sample during
TGA represents a loss of gaseous matter from the sample, through evaporation or through a
reaction that forms gas phase products. The moisture content is estimated by assuming that all
TGA sample weight loss up to a certain temperature (typically 150 to 200 “C [300 to 390 “F])
is caused by water evaporation. The temperature limit for moisture loss is chosen by the
operator at an inflection point on the TGA plot. Other volatile matter fractions can often be
differentiated by inflection points as well.

Core 197, segment 2A (sample S97TO01270)measured considerably less water than the
remaining samples. Inspection of the thermogram revealed that the weight loss curves for the
sample were integrated to near 200 “C (390 “F), and no additional significant weight loss
occurred up to 450”C (842 “F). Therefore, it is concluded that this salt sample is dryer than
other solids analyzed from this tank. The low moisture content may have contributed to the
difficulty of obtaining a core sample of this material.

B2.1.3.3 Differential Scanning Calorimetry. In a DSC analysis, heat absorbed or emitted..
by a substance is measured while the sample is heated at a constant rate. Nitrogen is passed
over the sample material to remove any gases being released. The onset temperature for an
endothermic or exothermic event is determined graphically, and the energy absorbed or
released is integrated digitally by an algorithm resident within the instrument.
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The DSC analyses for tank241-BX-110 were performed using a Perkin-Elmerl DSC 7
instrument. An unusual exothennic reaction was noted “at70”C (158 “F) for the lower half of
segment 2 of core 198. Thk reaction was attributed to the presence of a cleaning agent in the
DSC chamber. Second and third analyses were performed in duplicate, and in both cases,
neither the sample nor the duplicate exhibited an exotherm at 70”C. Initially, the gap between
closely spaced endothenns was erroneously integrated as an exothenn for a number of
samples. A re-run of sample S97TO01304at a lower scanning speed demonstrated that the
“exothenn,” which never actually crossed the baseline, was actually a gap between two
endotherm. Careful reexamination of the data confirmed that no actual exothermic reactions
were detected in any of the samples. Therefore, an upper limit of a 95 percent confidence
interval on the mean for each sample was not calculated.

B2.1.3.4 Inductively Coupled Plasma. Solid samples were prepared by fusion. Liquid
samples were prepared by acid dilution. Although no LiBr-containing hydrostatic head fluid..
was employed for these samples, Li was reported in accordance with the TSAP. No lithium
was detected. No exceptions to the QC parameters for L1were noted. The values for other

“ICP analytes were included as “opportunistic” without the prescribed QC parameters.
Potassium and nickel results for the ICP fusion analyses are not reported, because the samples
were prepared in a nickel crucibIe by fusion using potassium hydroxide.

B2.1.3.5 Ion Chromatography. Solid samples were prepared by water digestion. Although
no LiBr-containing hydrostatic head fluid was employed for these samples, Br was reported in
accordance with the TSAP. No Br was detected. No exceptions to the QC parameters for the
bromide were noted. The values for other IC anions were included as “opportunistic” without
the prescribed QC parameters.

B2.1.3.6 Total Inorganic Carbon. Total inorganic carbon analytical data were obtained
opportunistically as a byproduct of total organic carbon analyses by the persulfate oxidation
method for solid subsamples. The RPD between sample and duplicate for core 198, segment 4
was 23.2 percent, which may reflect sample irthomogeneity.

B2.1.3.7 Total Organic Carbon. Analyses were performed using the persulfate oxidation
method for solid subsamples. The RPD between sample and duplicate exceeded 20 percent for

., four subsamples of core 198. The RPDs for core 198, segments 2 (upper and lower halo, 3,
and 4 were 89.2, 71.0, 51.6, and 23.9 percent, respectively, which may reflect sample
inhomogeneity.

B2.1.3.8 Density, Densities of solid and liquid samples were determined gravimetrically.

lPerkinElmer is a registered trademarkof PerkinsResearchand ManufacmringCompany,Inc., CanogaPark,
California.
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B2.2 APRIL 1996 VAPOR SAMPLE EVENT

Headspace vapor samples were obtained from ta~-241-BX-l 10 on April 30, 1996. This
sampling was conducted in accordance with the hazardous vapor DQO (Osborne and Buckley
1995). The sampling event is described in Caprio (1997). The sample analysis and analytical
results are described in detail in Evans et al. (1997). Samples were obtained using sorbent
trains for selected inorganic analytes, triple sorbent traps for semivolatile organic analytes, and
SUMMATMcanisters for permanent gases and volatile organic analytes. Samples were
transported to the Pacific Northwest National Laboratory Vapor Analytical Laboratory for
analysis. Total nonmethane organic coupouhd results from these vapor samples were used by
Huckaby et al. (1997) to estimate the solvent pool area in accordance with the organic solvent
DQO (Meacham et al. 1997). Detailed results are given in Table B2-44.

B2.3 OCTOBER 1995 AUGER SAMPLING EVENT

During the October 1995 sampling and analysis event for tank 241-BX-110.,auger samples
were obtained from two widely spaced risers to partially satisfy the requirements of
Dukelow et al. (1995). The sampling and analyses were performed in accordance with
Schreiber (1995b). Although tank241-BX-110 was not on any Watch Lkt, it had been
identified in Operation Specifications for Watch List Tanks (WHC 1995a) as a possible Watch
List tank because of organics. Consequently, the analytical requirements of Turner (1995)
“wereapplied.

Auger samples from two risers were collected from tank 241-BX-110 on October 12, 1995.
Sample 95-AUG-045 was collected from riser 6, and was extruded on October 18, 1995 at the
222-S Laboratory. Sample 95-AUG-046 was collected from riser 3, and was extruded on
October 19, 1995 at the 222-S Laboratory. The auger samples represent only the top
approximately 30 cm (I2 in.) of waste in the tank. Although the applicable DQC)S would not
be fully satisfied, the auger sampling of tank 241-BX-110 was done to determine whether any
organics had permeated the saltcake waste material after the tank was stabilized. For this
sampling event, the 50. 8-cm (20-in.) auger was used. This auger has 20 flutes, each of which
is 2.5 cm (1 in.) wide. Flute 1 is at the top of the auger, and flute 20 is near the bottom (the
bit).

.,
To address flammable vapor issues, Dukelow et al. (1995) requires sampling of the tank
headspace. Before removal of the tank 241-BX-I 10 auger samples, vapor samples were
obtained from the tank headspace and analyzed using a combustible gas meter. Dukelow et al.
(1995) specifies that the flammability, as a percent of the LFL, must not exceed 25 percent.
The results of this analysis are provided in Section B2.3.3.6.
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B2.3.l’October 1995 Auger Sample Handling i

Sample 95-AUG-045 had a total of 125.7 g of solid material recovered from the top half of the
auger. The material was a grayish blue crystalline solid, similar to crushed ice. An opaque,
grayish blue drainable liquid accompanied the solid material, but the liquid was not retained
because of insufficient volume. Sample archiving of the solid material was performed in
accordance with the TSAP (Schreiber 1995b).

Sample 95-AUG-046 had a total of 185.2 g of solid material recovered from the bottom half of
the auger. Flutes 9 through 13 contained a grayish blue granular material, and flutes 14
through 20 contained brown sludge. Because the waste types could not be separated from each
other, all solids were subsampled into one jar. A cloudy, brown liquid accompanied the solid
material, but the liquid was not retained because of insufficient volume. In addition to the
solid and liquid material, a small piece of cloth, covered with brown sludge, was recovered .
from the auger. The solid samples were archived according to the SAP, and the cloth was
archived as directed by the Safety Program.

Table B2-6 lists the sample numbers, sample locations (riser number), drill string dose rates,
mass, and visual characteristics of the samples.

.. Note:
‘Schreiber(1995a)

B2.3.2 1995 Auger Sample Analysis

The analyses perfo~ed on the auger samples were limited to those required by the safety
screening and organic DQOS. These include analyses for thermal properties by DSC, moisture
content by TGA, fissile content by total alpha activity analysis, bulk density, and fuel content
by TOC analysis. Although not required by either the safety screening or the organic DQOS,
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analyti~al results for total inorganic carbon (TIC) were obtained on an opportunistic basis in
accordance with Krktofzski (1995). The TGA and DSC analyses were performed on aliquots
ranging in size from 14 to 53 mg. Before analyzing for total alpha activi~, the samples were
prepared by a fusion procedure using potassium hydroxide. A liquid aliquot of the fused
sample was then dried on a counting planchet and measured for alpha activity using an alpha
proportional counter. Samples were analyzed for TOC by the direct persulfate
oxidation/coulometry method.

Laboratory control standards, matrix spikes, blanks, and duplicate analysis quality control
checks were applied to the TOC, TIC, and total alpha activity analyses. Laboratory control
standards and duplicate analysis quality control checks were used for the DSC and TGA
analyses. An assessment of the quality control procedures and data is provided in
Section 5.1.2.

All reported analyses were perfotmed in accordance with approved laboratory procedures.
. .

Table B2-7 contains a list of the sample numbers and applicable analyses, and Table B2-8
gives the analytical procedures by title and number. No deviatiom or modifications were
noted by the laboratory.

16 195-AuG-045 IS95TO02903 IDSC, TGA, TOC, TIC

I I IS95TO02905 lBulk density I
I I ls95T002906 lTotal abha activitv
I 1 1 i . I

3 95-AUG-046 S95TO02945 DSC, TGA, TOC, TIC

S95TO02946 Total alpha activity

Is95To02948 Bulk density

Flammable zas concentration In/a lCombustible gas meter

& Notes:
‘Hardy(1998)
‘WHC (1995b)
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Nores:
Mettler is a registeredtrademarkof MettlerElectronics,Anaheim,Catifomia

‘Hardy(1998)
2WHC(1995b)

B2.3.3 1995 Auger Sample Results

The analyses performed on the October 1995 auger samples were limited to those required by
the safety screening DQO (Dukelow et al. 1995) and the organic DQO (Turner 1995). Sample
extrusion and analyses were performed at the Westinghouse Hanford Company
222-S Laboratory. Table B2-9 identifies the tables that show the total alpha activity, total
carbon, density, percent water, energetic, and headspace flammability results associated with
this tank. The sample results were reported in Hardy (1998).

Total alpha activity \B2-45

Total organic carbon IBN6

Total inorganic carbon IB2-47

Densitv IB2-48

Percent water IB2-49

Differential seaming calorimetry IB2-50
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Overali means were calculated for total alpha activity, TOC, TIC, density, and weight percent
water. These means were derived by averaging the primary/duplicate means from each auger.
If a result was reported as less than the detection limit, the detection limit was used as the
result in these calculations. A relative standard deviation (RSD) of the mean was also
calculated for analytes, but not for density. The RSD (mean) is defined as the standard
deviation of the mean divided by the overall mean, multiplied by 100. The four quality
control parameters assessed with the tank 241-BX-110 samples were spike recoveries, standard
recoveries, duplicates, and blanks. The data table footnotes in Section 4 indicate quality
control deviations for specific samples.

B2.3.3. 1 Total Alpha Activity. Analyses for total alpha activity were performed on the
auger samples recovered from tank 241-BX-110. The samples were prepared by fusion
digestion and measured using an alpha proportional counter. All tank 241-BX-110 total alpha
activity results were below or near the instrument detection limit. .

B2.3.3.2 Total Carbon. Analyses for TOC and TIC were performed on tie 1995 auger
samples; TOC as required by Turner (1995), and TIC on an opportunistic basis in accordance
with Kristofzski (1995). Analyses for TOC were performed on auger samples S95TO02903
and S95TO02945. The direct persulfate oxidatiorr/coulometry method was used for the
analyses.

B2.3.3.3 Density. Analyses for density were performed on both auger samples. The overall
mean was derived by averaging the two sample means.

B2.3.3.4 Thermogravimetric Analyses. During a TGA run, the mass of a sample is
measured while its temperature is increased at a constant rate. A gas, such as nitrogen or air,
is passed over the sample during heating to remove any gaseous matter. Any decrease in the
weight of a sample represents a loss of gaseous matter from the sample through evaporation or
a reaction that forms gas phase products. The moisture content is estimated by assuming that
all TGA sample weight loss up to a certain temperature (typically 150 to 200 “C [300 to
390 ‘F]) is caused by water evaporation. The temperature limit for moisture loss is chosen by
the responsible chemist at an inflection point on the TGA plot. Other volatile matter fractions
often can be differentiated by inflection points as well. Weight percent water by TGA was
performed by the 222-S Laboratory under a nitrogen purge using a Mettler instrument in
accordance with procedure LA-560-1 12, Rev B-O.

The analytical results of the two auger samples agreed with an RPD of 30.1 percent. The
mean TGA result for sample S95TO02903was 44.45 weight percent water; and for sample
S95TO02945, the mean result was 32.83 weight percent.

B2.3.3.5 Differential Scanning Calorimetry. In a DSC analysis, heat absorbed or emitted
by a substance is measured while the substance is exposed to a linear increase in temperature.
While the substance is heated, a gas such as nitrogen is passed over the sample to remove any
gasses being released. The onset temperature for an endothermic event (characterized by or
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causin~ the absorption of heat) or exothermic event (characterized by or causing the release of
heat) is determined graphically. The DSC analyses for the tank 241-BX-110 auger samples
were performed by the 222-S Laboratory using procedure LA-514-113, Rev. C-Ounder a
nitrogen atmosphere.

The data table shows the DSC results on a wet weight basis. The temperature range and the
magnitude of the enthalpy change are provided for each transition. The first transition
represents the endothermic reaction associated with the evaporation of free and interstitial .
water. The second transition probably represents the energy (heat) required to remove bound
water from hydrated compounds such as aluminum hydroxide, or to melt salts such as sodium
nitrate. The third transition is generally exotherrnic, and probably “iscaused by the fuel
components of the sample reacting with nitrate salts.

B2.3.3.6 Tank Headspace Flammability. Vapor samples were taken from the
tank 241-BX-I 10 headspace before auger sampling to satisfy the requirements of Dukelow
et al. (1995). As specified in the DQO, the flammability of the headspace cannot exceed
25 percent of the LFL. During this sampling event, readings were Opercent of the LFL
(WHC 1995b), indicating no flammability concerns.

B2.4 DESCRIPTION OF HISTORICAL SAMPLING EVENTS

B2.4.1 Description of the 1993 Grab Sampling Event

A grab sampling event occurred in 1993. One sample was obtained, but “attemptsto retrieve
other samples were unsuccessful. The results are not considered representative of the waste
because the constituent concentrations were much lower than the 1990 sample results.
Further, the results were very different from those of the two tank241-BX-111 grab samples
taken during 1993. The tank 241-BX-111 sample results, however, were similar to the 1990
results from tank 241-BX-110, which was expected because the two tanks were used for
similar purposes during their fill cycles (Sutey 1993). For these reasons, this data set has not
been included in this tank characterization report.

.,

B2.4.2 Description of 1990 Grab Sampling Event

In early 1990, laboratory results were reported for one liquid grab sample (it is hypothesized
that this sample was obtained in late 1989). Although the reason for sampling is unknown, the
analyses performed indicate that it was for compatibility purposes. Analyses included a
number of metals, anions, and radionuclides, as well as TOC and some physical properties.
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No inf&rnation is available about the exact date, riser, or analytical procedures used during the
project, and, consequently, these results should be used with caution. Table B2-51 provides
the analytical results for the listed analytes.

B2.4.3 Description of the 1978 Core Sampfing Event

Tank 241-BX-110 was sampled in 1978 with a split-tube core sampler. Three 50-cm (20-in.)
core segments were obtained, of which onfy the bottom segment (#3) contained sufficient
material to analyze. The description of this ‘rotarymode sampling event in Jungfleisch (1980)
provides insight into the characteristics of the tank241-BX-110 waste:

Tank 241-11O-BXwas sampled, with difficulty, through an apparently hard structure for
the first two 50-cm cores (sample tubes #1 and #2). Sample recovery was virtually zero
(a few crystals), but, on examination the sample tubes had apparently been full of liquid.
Prior to the third core (several days delay), the drill rod plugged and.had to be
withdrawn from the waste surface and blown free. Upon reentry into the hole, the drill
rod with sample tube (#3) was lowered slowly in a non-rotary mode. The rod passed the
100-cm depth, onto 150 cm to 200 cm, and stopped at the approximate 250 cm
maximum depth. During this single slow penetration of the entire tank depth no
resistance was met. The sample tube (#3) .. . contained 41 cm of soft sludge and 5 to
10 cm of supemate.

Suspecting a floating “crust”, the rod was withdrawn to above the waste, rotated to
a “whip” condition (the rod tip spinning in an arc of about 50 cm). The spinning rod
was then lowered slowly to probe for the previously encountered hard salt cake layer.
However, the hard layer was not encountered and the sampling proceeded unimpeded
into the salt cake to a depth over 200 cm.. .In tank photos taken subsequent to the above
efforts revealed a full salt cake crust over the entire tank, occasionally broken by a
broken pool of liquid. The drill rod was centered in a hole in the crust approximately
55 cm in diameter.

The “whip” action of the spiming core drill string may have intermixed the saltcake and
sludge layers in the 50-cm (20-in. )-diameter region directly below the sample riser. While the
in-tank photos referred to in the excerpt from Jungflesich (1980) have not been located, the
1985 in-tank photos clearly show a shallow, circular depression below riser 3. If riser 3 is,
indeed, the location of the 1978 sample event, this might explain the low resistance offered by
the waste when obtaining core 198 in May 1997. For further discussion of the sampling event,
refer to Jungfleisch (1980) where the author speculates about the nature and depth of the waste
based on several attempts to sample the tank. His conclusion, which is that the waste is
composed of a layer of saltcake (top), a layer of supersaturated liquor (middle), and a layer of
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soft shr’dge(bottom), is not corroborated by May,, 1997 core sample event. Recent experience
indicates that low rotary mode core sample recoveries are not unusual when sampling hard
saltcakes. The evidence of liquid in the upper sample tubes may have resulted from intrusion
of interstitial liquids or supernatants. There is no corroborating evidence of a liquid layer in
tank 241-BX-11O.

The analytical data from this sampling event are presented in Horton (1979), and are
summarized in Tables B2-52 and B2-53. The sludge sample was yellowish to a dull gray in
color, with a consistency like soft putty. A small number of large, water-soluble red crystals
found on top of the sludge sample were anaiyzed separately. Bratzel (1980) provides an
assessment of the analytical results in Horton (1979). Specific information is not available
concerning sample handling, chain-of-custody, instrument calibration, analytical standards,
and procedures used. Consequently, these data should be used with caution.

..

B2.4.4 Description of the 1975 Grab Sampling Event

A supematant sample was obtained from tank 241-BX-110 in 1975 to perform actinide
analyses (Buckingham 1975). Other chemical and radiological analytes were reported as well.
The data are not used in thk report because the sample was obtained before the supematant
was removed, and the results do not represent the current waste. For additional information
about the results, refer to Brevick et al. (1997). ‘

B2.4.5 Description of the 1976 Grab Sampling Event

A supematant sample was obtained from tank 241-BX-I 10 in 1976. A number of chemical,
radiological, and physical data were reported (ARHCO 1976). The data are not used in this
report because the sample was obtained before the supematant was pumped out in 1977, and
the results do not represent the current waste. For additional information about the results,
refer to Brevick et al. (1997).
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B2.5 ANALYTICAL RESULTS SUMMARY TABLES FOR
THE 1997 PUSH MODE CORE SAMPLES

Table B2-10. Tank241-BX-110 Analytical Results: Aluminum (ICP).

S97TO01282 197:2A Lower half 1,610 1,830 1,720

S97TO01308 198:2 Upper half 27,700 28,500 28,100 . .

S97TO01307 Lower half 16,900 15,000 16,000

S97TO01309 198:3 Lower half 30,500 30,500 “ 30,500

S97TO01328 198:4 Lower half 60,300 71,100 65,700

$~q*ds`::ii:ii::x::::i~:'i::i:w:i:::j:";;~";wj:::;;;:<!`:<: ?:<&i*z:z~;$;$~)&$::,i: ‘“$gg<iii~,$
. .

,.:.,.,:,.,,,.:,,,, ,.,!.,,-,,.~.~.,;,.:?,,,~>,?’::!..,,;..... .. . ..... ..... .:,,...,. ‘, ,,,,,, ;,,.,

S97TO01277 197:1 Drainable liquid, 6,680 6,670 6,680
lower half

S97TO01418 Drainable liquid, 3,210 3,200 3,210
upper half

S97TO01278 197:2 Drainable liquid 5,030 4,920 4,980

S97TOO1279 197:2A Drainable liquid 4,950 5,200” 5,080

S97TOO1322 198:1 Drainable liquid 3,430 3,450 3,440

S97TO01323 198:2 Drainable liquid 3,910 3,610 3,760

S97TO01324 198:3 Drainable liquid 3,610 3,670 3,640
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Table B2-11. Tank 241-BX-110 Analytical Results: Antimony (ICP).

S97TOO1282 197:2A Lower half 2,040 1,370 l,710Qc:.

S97TO01308 198:2 Upper half <1,270 2,220 < 1,7.50Qc:e

S97TO01307 Lower half <1,310 1,550 <1,430

S97TO01309 198:3 Lower half <1.260 <1.270 <1.270

S97TO01277 197:1 Drainable liquid, <36.1
lower half

S97TO01418 Drainable liquid, <24.1
upper half

S97TO01278 197:2 Drainable liquid <36.1

S97TO01279 197:2A Drainable liquid <36.1

<24.1

<36.1

<36.1

=-l
~

<36.1

<36.1

IS97TO01322 1198:1 Drainable liquid <36.1 <36.1 <36.1

S97TO01323 198:2 Drainable liquid <24.1 <24.1 <24.1

S97TO01324 [198:3 Drainable liquid <24.1 <24.1 <24.1

.,
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7TO01280 1197:1 h-awer half I<2,11O 1<2,140 1<2,130

S97TO01281 1197:2 lLower half <2,090 <2,140 <2,120

7TO01282 1197:2A ]Lower half I<2,11O 1<2,170 !<2,140

lS97T001308 1198:2 Upper half I7,31O 17,650 17,480

IS97TO01307 I lLower half 12,830 12,790 12,810

7TO01328 1198:4

t--l
7TO01277 197:1 Drainable liquid, 1,040

lower half

S97TO01418 Drainable liquid, <40.1 <40.1 <40.1
upper half

S97TO01278 197:2 Drainable liquid <60.1 <60.1 <60.1

S97TO01279 197:2A Drainable liauid <60.1 <60.1 <60.1

S97TO01322 198:1 Drainable liquid <60.1 <60.1 <60.1

S97TOO1323 1198:2 lDrainable liauid 143.4 148.6 146

IS97TO01324 1198:3 lDrainable liquid 146.6 ‘146.9 146.8
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S97TO01282 197:2A Lower half <1,050 <1,080 <1,070

S97TOO1308 198:2 Upper half <1,060 <1,060 <1,060

S97TO01307 Lower half <1,090 <1,070 <1,080

S97TOO1309 198:3 Lower half <1,050 <1,060 <1,060

upper half -

S97TO01278 !197:2 lDrainable liauid 138 138.8 138.4

S97TO01279 197:2A Drainable liquid 37.7 39.7 38.7

S97TO01322 198:1 Drainable liquid 30.4 <30.1 <30.3

S97TO01323 198:2 Drainable liquid 28.2 28 28.1

S97TO01324 198:3 Drainable liquid 29.9 30.7 30.3
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Table B2-14. Tank241-BX-110 Analytical Results: Cadmium (ICP).

S97TOO1282 197:2A Lower half <105 <108 <107

S97TO01308 198:2 Upper halfi <106 <106 <106

S97TO01307 Lower half <109 <107 <108

S97TO01309 198:3 Lower half <105 <106 <106

S97TO01323 198:2 Drainable liquid <2 <2 <2

S97TO01324 1198:3 Drainable liquid <2 <2 <2
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Table B2-15. Tank241-BX-110 Analytical Results: Calcium (ICP).

S97TO01280 1197:1 \Imwer half <2,110 <2,140 <2,130

S97TO01281 1197:2 brewer half 1<2,090 1<2,140 1<2,120

S97TO01282 197:2A Lower half <2,110 <2,170 <2,140

S97TO01308 198:2 Upper half, <2,120 <2,110 <2,120

S97TOO1307 Lower half <2,180 <2,140 <2,160

S97TO01309 198:3 Lower half <2,100 <2,120 <2,110

H
S97TO01277 197:1 Drainable liquid, 145 149 147

lower half

S97TO01418 Drainable liquid, <40.1 <40.1 <40.1
upper half

ls97T001278 1197:2 lDrainable liauid I< 60.1 1<60.1 1<60.1 I

S97TO01279 197:2A Drainable liquid’ <60.1 <60.1 <60.1

S97TO01322 !198:1 lDrainable liauid I<60.1 1<60.1 1<60.1

S97TO01323 198:2 Drainable liquid <40.1 <40.1 <40.1

S97TO01324 1198:3 Drainable liquid <40.1 <40.1 <40.1 I
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#
Table B2-16. Tank241-BX-110 Analytical Results: Chromium (ICP);
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Table B2-20. Tank241-BX-110 Analytical Results: Nickel (ICP)

S97TO01278 197:2 Drainable liquid <12 <12 <12

S97TO01279 197;2A Drainable liquid <12 <12 <12

S97TO01322 198:1 Drainable liquid <12 <12 <12

S97TO01323 1198:2 Drainable liquid <8.02 <8.02 <8.02

S97TO01324 1198:3 lDrainable liauid I<8.02 1<8.02 1<8.02
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Table B2-22. Tank241-BX-110 Analytical Results: Potassium (ICP).

S97TO01278 197:2 Drainable liquid 3,920 13,720 13,820

S97TOO1279 1197:2A Drainable liquid 3,720 3,930 3,830

S97TOO1322 1198:1 Drainable liquid 2,890 12,750 12,820

S97TO01323 198:2 Drainable liquid 3,030 2,770 2,900 ‘-

IS97TO01324 1198:3 lDrainable liquid 12,830 12,820 12,830
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t
Table B2-23. Tank241-BX-110 Analytical Results: Silicon (ICP).
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S97TO01281 1197:2 Lower half 2.37E+05 2.37E+05 2.37E+05

S97TO01282 ~197:2A lLower half 12.66E+05 12.66E+05 12.66E+05

km--iS97TO01308 198:2 Upper half ‘ 2. 17E+05 2.19E+05 2.18E+05

Lower half 12.71E+05 12.71E+05 12.71E+05

S97TO01418 Drainable liquid, 1.83E+05 1.83E+05 1.83E+05
upper half

S97TOO1278 197:2 Drainable liquid 2.88E+05 2.81E+05 2.85E+05

S97TO01279 197:2A Drainable liquid 2.75E+05 2.88E+05 2.82E+05

S97TO01322 198:1 Drainable liquid 2.09E+05 2.09E+05 2.09E+05QC’C

S97TO01323 1198:2 Drainable liquid 12.1sE+05 12.01E+05 12.10E+O5

S97TO01324 1198:3 Drainable liquid 1.96E+05 1.98E+05 1.97E+05
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Table B2-27. Tank 241-BX-1IOArialvtical Results: Sulfur (ICP),

S97TOO1278 1197:2 Drainable liquid 2,550 12,480 12,520

S97TOO1279 197:2A Drainable liquid 2,480 2,620 2,550

S97TO01322 198:1 Drainable liquid 1,820 1,840 1,830

S97TOO1323 198:2 Drainable liquid 1,800 1,670 1,740

S97TO01324 198:3 Drainable liquid 1,620 1,640 1,630
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!

Table B2-28. Tank241-BX-110 Analytical Results: Zinc (ICP).
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lBervllium

e
Ee
R%R-
E%R?-

<104- <110 (ICP fusion) <2- <3 (ICP acid)

<957- <1100 (IC water) I<1020- <5060 (IC water)

<2,090- <2200 (ICP fusion) <40.1- <60.1 (ICP acid)

<418- <440 (ICP fusion) I<8.02- <12 (ICP acid)

<209- <220 (ICP fusion) <4.01- <6.01 (ICP acid)

<1,040- <1100 (ICP fusion) <20.1- <30.1 (ICP acid)

Selenium @ <40.1 -<60.1 (ICP acid)

Thallium <4,180- <4400 (ICP fusion) <80.2-<120 (ICP acid)

Titanium <209- <220 (ICP fusion) <4.01- <6.01 (ICP acid)

Uranium <10,400- <11,000 (ICP fusion) <200-<300 (ICP acid)

Vanadium <1,040- <1100 (ICP fusion) <20.1 -<30.1 (ICP acid)

Note:
nlr = not reported
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,
Table B2-34. Tank241-BX-110 Analytical Results: Nitrite (IC)
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t
Table B2-36. Tank241-BX-110 Analytical Results: Sulfate (IC),

S97TO01283 1197:1 lLower half 13,130 13,170 13,150

S97TO01284 1197:2 lLower half 12,890 12.040 12.470~c”c

S97TO01285 197:2A Lower half 1,830 1,850 1,840

S97TO01311 198:2 Upper half , 15,900 15,800 15,900

S97TOO131O Lower half 6,380 7,560 6,970

S97TO01312 198:3 Lower half 6,680 9,190 7,930Qc:e

S97TO01277 197:1 Drainable liquid, 2,570 2,340 2,460
lower half

S97TOO1418 Drainable liquid, 2,390 2,260 2,330
upper half

S97TOO1278 197:2 Drainable liquid 2,330 2,200 2,270

“-S97TO01279 197:2A Drainable liquid 2,210 2,050 2,130

S97TO01322 198:1 Drainable liquid 12,100 16,000 14,1OOQC’

S97TOO1323 198:2 Drainable liquid 3,020 2,990 3,010

S97TOO1324 198:3 Drainable Iiauid 2.630 2.920 2.770
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t
Table B2-37. Tank241-BX-110 Analytical Results: Oxalate (IC).

S97TO01285 197:2A Lower half <910 <899 <904

S97TO01311 198:2 Upper half , 8,930 8,800 8,860

S97TOO131O Lower half 3,400 4,460 3,930Qc:e

S97TOO1312 198:3 Lower half 1,750 2,200 1,980Qc,.

upper half -

S97TO01278 197:2 Drainable liquid <1,070 <1,070 <1,070

S97TO01279 197:2A Drainable liquid <1,070 <1,070 <1,070

S97TOO1322 198:1 Drainable Iiauid <4250 <4250 <4250

S97TO01323 1198:2 Drainable liquid 994 1,140 11,070

S97TO01324 1198:3 Drainable liquid <859 1985 <922
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S97TO01270 197:2A Lower half o 0 0

S97TO01305 198:2 Upper half o 0 0

S97TO01304 Lower half o 0 0

S97TO01306 198:3 Lower half o 0 0

Imimim-i
1 I 1

Drainable liquid, 10 10 10
upper half -

S97TOO1278 1197:2 lDrainable liauid 10 10 10

S97TO01279 197:2A Drainable liquid o 0 0

S97TO01322 198:1 Drainable liauid o 0 0

S97TOO1323 198:2 Drainable liquid o 0 0

S97TO01324 1198:3 Drainable liquid o 10 10
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~able B2-40. Tank 241-BX-110 Analytical Results: Percent Water (DSC/TGA).

S97TO01262 1197:1 Lower half 148.1 148.5 148.3

S97TO01269 1197:2 lLower half 146.5 147 146.8

S97TO01270 197:2A Lower half 11.8 15 13.4

S97TO01305 198:2 Upper half , 39.9 42.9 41.4

S97TO01304 Lower half 25.1 29.6 27.3

S97TO01306 198:3 Imwer half 31.5 36.5 34

S97TO01418 Drainable liquid, 53.2 53.1 53.2
upper half

S97TO01278 197:2 Drainable liquid 53.1 53.1 53.1

S97TO01279 197:2A Drainable liquid 53.1 52.8 53

S97TO01322 198:1 Drainable liquid 53.9. 54 53.9

S97TO01323 198:2 Drainable liquid 52.5 53 52.8

S97TO01324 198:3 Drainable liquid 53.9 54.2 54.1
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S97TO01270 197:2A Lower half 928 939 934

S97TO01305 198:2 Upper half 1,150 1,240 636 1,010

S97TO01304 Lower half 890 843 888 874

S97TO01306 198:3 Lower half 647 578 568 598

\s97T001326 I198:4 lLower half 1401 1506 4s4QC:.

. .

., Table B2-43. Tank241-BX-110 Analytical Results: Total Organic Carbon (TOC).

S97TO01269 1197:2 Lower half 1,930 [1,610 1,770

S97TO01270 1197:2A kawer half 11.060 1964 11.010

MS97TO01305 198:2 Upper half 1,210 3,160 2,270 2,210Qc:’

Lower half 1628 11.320 11.340 II.lOOQC:’

S97TO01306 198:3 Lower half 466 790 514 sq)QC:e

S97TO01326 198:4 Lower half 287 365 SZGQC:,
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B2.6 ANALYTICAL RESULTS SUMMARY TABLES
FOR THE 1996 VAPOR SAMPLES

Table B2-44. Tank241-BX-111 Varror Analvsis Results. 1

NH, Sorbent traps 63 ppmv

N02 Sorbent traps ~0. 15 ppmv

NO Sorb~nt traps SO.15 ppmv

Gravimetric (primarily water) Sorbent traps 8.9 mg/L

co, SUMMATMcanister <17 ppmv

co SUMMATMcanister <17 ppmv . .
CH. ISUMMATMcanister I<25 DDmV

H, SUMMATMcanister <17 ppmv

NZO SUMMATMcanister <17 ppmv

Total nonmethane hydrocarbons SUMMATMcanister 1.9 mg/m3

Methanol SUMMATMcanister 957 DDbV

Ethanol SUMMAT? canister 745 ppbv

Acetone ISUMMATMcanister 1188vvbv. .
l-Butanol SUMMATMcanister 30.6 ppbv

2-Butanone SUMMATMcanister 7.4 “ppbv

Methanol lSorbent traps 294 ppbv

Ethanol Sorbent traps 270 ppbv

Acetone lSorbent traps 130 ppbv

l-Butanol Sorbent traps 25 ppbv

Acetonitrile Sorbent traps 12 ppbv

Tetradecane Sorbent traps 11 ppbv
..

Propanol Sorbent traps 11 ppbv

Pyridine Sorbent traps 10 ppbv

Note:
‘Evanset al. (1997)
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B2.7 WALYTICAL mswm SUMMARY ~mrms FoRTHE
1995 AUGER SAMPLES

Notes:
‘Hardy(1998) . .

Table B2-46. Tank241-BX-110 Total Organic Carbon Results. 1

Note:
‘Hardy(1998)

Table B2-47. Tank 241-BX-I 10 Total Inorganic Carbon Results. 1

Note:
lHardy(1998)
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,
Table B2-48. Tank241-BX-110 1995 Auger Density Results.*

Note:
lHardy(1998)

Table B2-49. Thermomavimetric Analysis Results for Tank241-BX-110 1995 Augers. 1

Notes:
lHardy(1998)
‘Triplicaterun
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#
Table B2-50. Differential Scanning Calorimetry Analysis Results for

Notes:
... — no transition
AH = changein enrhalpy(negativesigndenotesexothermicreaction)

‘Hardy(1998)
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B2.8 ANALYTICAL RES~TS SUMMARY TABLES
FOR HISTORICAL SAMPLES

Tables B2-51 through B2-53 summarize the analytical results for historical samples.

HISTORICAL DATA TABLES

IA1 1529 I
Ca 8.98

Cr 972—-
K 2,920

Mo 66.9

Na 164,220

P 406

Si 43.8

,
F <1,410

NO; 136.500-,.
NO; 312,000

so; <14,600

OH 123,500

co; 117,200
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Total alpha <0.00424

lTotal beta 1167 I

‘37CS(water) 135

‘37CS(acid) 131
89/93sr 10.015

23”2% I< 7.99E-5

Note:
lWeiss(1990)
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Cr <81.8 1,310 1,310

F 1,700 Deleted 1.700

La In/r 1151 151

Na 1132,000 In/r ~132.000

NO; 1140,000 @ [140,000

Po; 19,300 981 (98,000)2 [20,281

Si @ 11,780 I 1,780

so4- 15,760 <2,910 5,760

Zr nlr <310 <310

TOC 169 600 769

u 5.08 42.3 47

137c~ 111.8 36.5 48.3
89/WSr 15.59E-4 17.79 17.79

Notes:
‘Bratzel(1980)
2Honon(1979)reporteda 9.8 percent imolublePO, value, whichis morecomistentwithorheranalyses.
%ese datahavenot been validatedand 8houldhe usedwith caution.
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Water volubility Complete

CrO[ 700

F 15,000

Na 1206,000
. .

NO: 1208,000

OH- 122,000

Po; 1100,000

Si092- 11.000
1

so:” 113,000

lZr I<300 I
1

u 6.48

89/!Nsr 0.028

Note:
‘Horron(1979). Notincluded in Bratzel (1980)
‘Thesedatahavenot been validatedand shouldbe used withcaution.
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t B3.O ASSESSMENT OF CHA~CTERIZATION RESULTS

This section discusses the overall quality and consistency of the current sampling results for
tank 241-BX-I 10 and provides the results of an analytical-based inventory calculation.

This section also evaluates sampling and analysis factors that may impact data interpretation.
These factors are used to assess overall data quality and consistency and to identify limitations
in data use.

B3.1 FIELD OBSERVATIONS

The behavior of the waste beneath riser 6 differed from that beneath riser 3. The push mode
core sampling system was unable to penetrate the saltcake layer beneath riser 6, leaving the -”
postulated sludge layer beneath the saltcake unsampled by core 197. The waste beneath riser 3
was much more yielding, and was readily sampled by core 198. These differences are
reflected in the physical appearance of the sample material, and reflect differences noted
during the 1995 auger sampling. Core 197 yielded grayish blue, granular salt, as did auger
sample 95-AUG-045 from the same riser in 1995. While no solids were recovered from
segment 1 of core 198, the 1995 auger sample from the same location beneath riser 3
contained both grayish blue granular solids and brown sludge. All solid segments recovered
from core 198 were yellowish brown or light brown in color, and contained bismuth, which is
characteristic of first cycle sludge. All of the segments recovered from tank 241-BX-110,
except core 198, segment 4, contained granular material indicative of salt, which suggests that
the saltcake and sludge layers may have been disturbed and intermixed iri the vicinity of riser
3. The large amounts of drainable liquid in both core samples may indicate that the tank
contains more drainable liquid than previously thought; or they may merely result from the
pumping action of the sampler piston.

The absence of solids in core 198, segment 1 is not necessarily indicative of an absence of
saltcake at that level in the tank. The sample location beneath riser 3 is near the ENRAFTM
level measurement device. The 1985 and 1994 photographs show a shallow, circular
depression beneath riser 3. This depression may be related to disturbance during the 1978 core

.,
sampling event (if that occurred at this location), or it may have been caused by a sludge
weight. Numerous liquid level measurement tapes are visible in the vicinity. One possibility
is that saltcake was present at this elevation, but that tape or chunks of saltcake restricted the
movement of solids into the sampler, while allowing supematant to be drawn in by the
syringe-like pumping action of the sampler piston.

The full depth of the waste was not sampled, and thus the TSAP (Schreiber 1997c)
requirement that full vertical profiles of the waste be obtained from two risers was not met.
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B3.2 QUALITY CONTROL ASSESSMENT ,

The usual QC assessment includes an evaluation of the appropriate standard recoveries, spike
recoveries, duplicate analyses, and blanks that are performed in conjunction with the chemical
analyses. All pertinent QC tests were conducted on 1997 core and 1995 auger samples,
allowing a full assessment regarding the accuracy and precision of the data. The SAP
(Conner 1995) established specific criteria for all analytes. Sample and duplicate pairs with
one or more QC results outside the specified criteria were identified by footnotes in the data
summary tables.

The standard and spike recovery results provide an estimate of analysis accuracy. If a standard
or spike recovery is above or below the given criterion, the analytical results may be biased
high or low, respectively. The precision is estimated by the RPD, which is defined as the
absolute value of the difference between the primary and duplicate samples, divided by their
mean, times 100. A number of spike recoveries and RPDs were outside the target level for --
total alpha activity, possibly because of a high dissolved solids content on the sample mount
and subsequent self-shielding. Reruns were deemed umecessary because the sample results
were far below the action limit.

Some high RPDs between samples and duplicates for the IC analytes may be attributable to
sample homogeneity problems. For core 198, segment 4, the RPDs were 35.9, 31.7, 31.2,
75.6, and 35.6 percent for fluoride, chloride, nitrite, phosphate, and sulfate, respectively. For
core 198, segment 1 drainable liquid, the spike recovery for nitrate was -141 percent. This
figure may indicate a dilution error, especially considering that the reported nitrate result of
1,450,000 #g/g is inconsistent with a specific gravity of 1.362. The IC results for this
supematant sample are consistently higher for all analytes than those for other drainable liquid
samples. The two high RPDs for nitrate can be explained by the fact that the phosphate peak
interferes with the resolution of the much smaller nitrate peak. The high RPD and low spike
recovery for fluoride in several subsamples can be attributed to the fact that the fluoride peak
is very near the baseline and suffers interference from the slightly larger chloride peak. Many
ICP analytes also had one or more QC parameters outside the specified limits. The poor spike
recoveries for sodium may be caused by the high concentration of sodium in the samples
(samples camrot be spiked to levels much greater than already present). The high
concentrations of sodium required high dilutions for all ICP samples. These high dilutions in
turn can cause poor or meaningless spike recoveries and RPDs for ICP elements that had either
very high concentrations or were close to the detection limit. Finally, no sample exceeded the
criterion for preparation blanks, so contamination was not a problem.

In summary, the vast majority of QC results were within the boundaries specified in the
TSAPS. Except for the IC analysis of core 198, segment 1 drainable liquid, the discrepancies
mentioned here and footnoted in the data summary tables should not impact data validity or
use.
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B3.3 bATA CONSISTENCY CHECKS

Comparing different analytical methods is helpftd in assessing the consistency and quality of
the data. Several comparisons were possible with the data set provided by the two core
samples: a comparison of phosphorous as analyzed by ICP to phosphate as analyzed by IC,
and a comparison of sulfur as analyzed by ICP to sulfate as analyzed by IC. In addition, mass
and charge balances were calculated to help assess the overall data consistency.

B3.3. 1 Comparison of Results from Different Analytical Methods

The following data consistency checks compare the results from two analytical methods.
Agreement between the two methods strengthens the credibility of both results, but poor
agreement brings the reliability of the data into question. All analytical mean results were
taken from Section B2.O tables.

. .

The analytical phosphorous mean result as determined by ICP wad 16,200 ~g/g, which
converts to 49,600 pg/g of phosphate. This compared well with the IC phosphate mean result
of 43,100 pg/g. The ~D between these two phosphate results was 14 percent. The
analytical sulfur mean result as determined by ICP was 3,200 ,ug/g, which converts to
9,600 pg/g of sulphate. This result compared poorly with the IC sulphate mean result of
6,720 #g/g. The RPD between these two sulfate.results was 35.3 percent. The high RPD
may reflect the fact that all the core 197 fusion ICP sulfur results included in the mean were
“less than” values (i.e., below the relatively high detection limit after sample preparation and
dilution), whereas the IC method yielded results for core 197 far below the ICP detection
limit. All of the core 198 fusion ICP sulfur analyses were above the detection limit. For core
198, the analytical mean sulfur result as determined by ICP was 4,200 pg/g, which
corresponds to 12,600 pg/g of sulfate. This compares somewhat more closely with the core
198 analytical sulfate by IC of 10,850 pg/g. The RPD between these two sulfate
determinations, which do not include any values below the detection limit, is 14.8 percent.
One possible explanation for this difference could be the presence of water insoluble sulfate
species, which would be detected by the KOH fusion ICP technique, but not by the water
digest IC method. Sample heterogeneity may also be a contributor. For the 1978 core
samples (Bratzel 1980), comparison of different analytical methods is not possible, because the
water insoluble results reflect the composition after removal of the water soluble portion of the
sample during the water digest. The two results are not duplicate analyses of the same
material. The comparison of water soluble (water digest) and water insoluble (fusion digest
subsequent to water digest) phosphate results may reflect a transcription error. The water
soluble phosphate result is 1.93 percent, which is much less than the 0.0981 percent reported
for the water insoluble fraction. Bratzel (1980) was written to assess and correct errors and
inconsistencies in previous documentation. For tank 241-BX-110, Horton (1979) reported
a soluble phosphate concentration of 1.8 percent and a water insoluble concentration of
9.81 percent. For other first-cycle wastes, water digest IC results are often substantially less
than the fusion digest ICP results because of the low volubility of certain phosphate salts, such
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as bisnhrth phosphate. The 0.098 percent water insoluble phosphate result in Bratzel (1980)
may reflect a transcription error of the 9.8 percent water insoluble phosphate result reported in
Horton (1979). This would be more consistent with the distribution of water soluble and
insoluble phosphate species noted in Winkelman (1997) for tank 241-BX-107.

B3.3.2 Mass and Charge Balance

The principal objective in performing mass and charge balances is to determine whether the
measurements are consistent. In calculating.the balances, only the analytes listed in
Section B3.4 that were detected at a concentration of 1,000 pg/g or greater were considered.

Except for bismuth and sodium, all cations listed in Tables B3-1 and B3-3 were assumed to be
in their most common hydroxide or oxide form, and the concentrations of the assumed species
were calculated stoichiometrical!y. Because precipitates are neutral species, all positive chaige
was attributed to the bismuth and sodium cations. The anions listed in Tables B3-2 and B3-4
were assumed to be present as bismuth and sodium salts and were expected”to balance the
positive charge exhibited by the cations. Phosphate and sulfate, as determined by IC, are
assumed to be completely water soluble and appear ordy”in the anion mass and charge
calculations.

Silicon 1,560 Si02 3,340 0

Sodium 233,000 Na+ 233,000 10,130

Total 243,820 10,188
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lTotal 1157.000 16.777 I
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#
Table B3-4. Anion Mass and Charge Data (Drainable Liauid).

Phosphate 1,419 lPo$- 11,419 145

Sulfate 13.014 lsoA2- 13.014 163

Total 1456,142 110,684 . .

B3.3.2.1 Solids Mass and Charge Balance. The solids mass balance was calculated from
the formula below. The factor 0.0001 is the conversion factor from micrograms per gram to
weight percent.

Mass balance = % water + 0.0001 x {total analyte concentration]

—— % water + 0.0001 x {AIO~ + Bi3+ + Cr20}- + Na+ + F
+ FeO(OH) + N03” + N02- + PO~3 + Si02 + SOd2-+ C20d2”).

The total solids analyte concentration calculated from the above equation is 760,660 pg/g.
The mean weight percent water is 36.2 percent, or 362,000 pg/g. The mass balance resulting
from adding the percent water to the total analyte concentration is 112 percent.

The following equations demonstrate the derivation of total cations and total anions; the charge
balance is the ratio of these two values.

.,
Total cations (~eq/g) = [Bi3-]/69.7 + [Na+]/23.0 = 10,188 peq/g

Total anions (~eq/g) = [AIO~]/59 + [C~]/35.5 + [Cr,O~”l/108 + [F]/19.O +
[N02-]/55 + [NO~]/62.O + [C20:-]/38 + [PO~3]/31.7 +
[SO~]/48. 1 = 9,298 peq/g.

The charge balance obtained by dividing the sum of the positive charge by the sum of the
negative charge is 1.10.
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B3.3.2’.2 Drainable Liquid Mass and Charge Balance. The drainable liquid mass balance
was calculated from the formula below. The factor 0.0001 is the conversion factor from
micrograms per gram to weight percent. The mean analytical results were divided by the
mean liquid specific gravity of 1.47 to convert from pg/mL units to pg/g. As for solids,
analytes with a concentration less than 1,000 pg/g were not considered in the calculations.

Mass balance = % water + 0.0001 x {total analyte concentration}

—— % water + 0.0001 x {AIO~ + Cl- Cr20~” + Na+ + NO; + NO; +
Po~’ + so;} I 1.47.

The total drainable liquid analyte concentration calculated from the above equation is
611,000 pg/g. The mean weight percent water is 53.2 percent or 532,000 pg/g. The mass
balance resulting from adding the percent water to the total analyte concentration is
114 percent.

. .

The following equations demonstrate the derivation of total cations and total anions; the charge
balance is the ratio of these two values.

Total cations (peq/g) = [Na+]/23 + [K+]/39 = 6,777 peqlg

Total anions (peq/g) = [AIO~]/59 + [C1-]/35.5 + [Cr,0~-]/108 + [NO~]/62.O +
[N02-]/55 + [CO$-]/30 = 10,684 peq/g.

The charge balance obtained by dividing the sum of the positive charge by the sum of the
negative charge is 0.888. This is unusual for tank waste because hydroxide is generally
present, a factor that is not accounted for in this calculation. Examination of the anion
concentration data reveal that the mean nitrate concentration is biased upward by a reported
nitrate concentration of 1,450,000 pg/mL for sample S97TO01322. The other IC results for
thk sample are much higher than those for the remaining samples, which may indicate a
dilution error or carryover of solids that subsequently dissolved during the analysis. Because
this was an opportunistic analysis, with no QC requirements specified in the SAP, the matter
was not investigated further by the laboratory. If the nitrate data for sample S97TO01322are
omitted when computing the mean concentrations, the mass balance becomes 1.02 percent, and

.:
the charge balance ratio becomes 1.233. The difference in the positive and negative charges
for drainable liquid samples maybe then be attributed to hydroxide based on results from other
tanks and because hydroxide is expected to contribute significantly to the negative charge.

B3.3.2.3 Mass and Charge Balance Summary. In summary, the above calculations yield
reasonable mass and charge balance values (close to 1.00 for charge balance and 100 percent
for mass balance), indicating the analytical results are generally consistent. The mass and
charge balances for the drainable liquid results are sensitive to an apparent anomaly in the IC
results for sample S97TO01322, thereby illustrating the value of this tectilque for checking
that the data are reasonable.
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Note:
‘Omittingsuspectnitrate result fromsampleS97TO01322

B3.3.2.4 Mass and Charge Balance for 1978 Core Sample. Mass and charge balances were
performed for the 1978 core sample results because these data will be used to assist in
characterizing the first-cycle waste layer of tank 241-BX-110. The mass.and charge balances
will assist in resolving the apparent discrepancy between the phosphate results in Horton
(1979) and Bratzel (1980) described in section B.3.3. 1. It will be seen that the 9.8 percent
insoluble phosphate value in Horton (1979) is more consistent with the remainder of the 1978
core sample results than the 0.0981 percent phosphate value in Bratzel (1980).

Mass and charge balances are computed for the 1997 core samples. Table B3-6 shows the
results using the 0.0981 percent insoluble phosphate concentration, and Table B3-7 shows the
results using 9.8 percent insoluble phosphate. The mass balance for an insoluble phosphate

., concentration of 0.0981 percent is 90.4 percent, and the charge balance obtained by dividing
the sum of the positive charge by the sum of the negative charge is 1.65. The mass balance
for an insoluble phosphate concentration of 9.8 percent is 100.1 percent, and the charge
balance obtained by dividing the sum of the positive charge by the sum of the negative charge
is 0.914. Both the mass balance and the charge balance close much better with the 9.8 percent
insoluble phosphate value than with the 0.0981 percent result. This outcome would favor the
9.8 percent value even more if aluminum and chromium were not assumed to exist as anionic
species in the charge balance.
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This evaluation highlights some of the difficulties ,in working with hktorical sample results.
A reasonable conclusion is that the “insoluble” phosphate result of 0.0981 percent in
(Bratzel 1980) reflects a transcription error of the 9.8 percent “insoluble” phosphate result in
Horton (1979) because low-volubility phosphates such as BiPO, are not detected during water
digest IC analyses, and because of the results of the charge and mass balances. However, in
the absence of a well-documented analytical data package, this conclusion relies solely upon
inferential and circumstantial evidence. Modem ICP and IC analytical tectilques were not
available at the time. The possibility exists that the mass and charge balance outcomes stem
from the presence of analytes, such as Fe and NO;, which were not reported in Bratzel (1980)
or Horton (1979). Alternatively, the reported analyses may contain other errors.

Silicon 1,780 Si02 13,814 10

Sodium 1132.000 lNa+ 1132.000 15,739

Aluminum 18,400 lAIO~ 140,207 1-681

Chromium I1.310 lCr,O~” 12,721 I-25

Fluoride 1,700 F 1,700 -89

Nitrate 140,000 NO; 140,000 -2,258

Phosphate 20,281 Po:- 20,281 -640

Sulfate 5,760 so:” 5,760 -120

Anion Total 210,669 -3,815

Water 519,000 0

Total 903,883 2,476
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B3.4 MEAN CONCENTRATIONS AND CONFIDENCE INTERVALS

B3.4.1 Solid Data

A nested ANOVA model was fit to the core segment data. Mean values, and 95 percent
.. confidence intervals on the mean, were determined from the ANOVA. Four variance

components were used in the calculations. The variance components represent concentration
differences between risers, segments, laboratory samples, and analytical replicates. The model
is:

Yijk = /J + R, + Sij + Lij~+ Aij~~,

I=l,2,...,a; j=l,2,...,bi; k=l,2,...,cij ;m=l,2, n,j~n,j~
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where ‘

Yi,km

P

Ri

Sij

Lijk

Aijkm

a

bi

%

nh~

——

——

.

——

——

——

——

.

.

.

concentration from the mmanalytical result of the kh sample of the jh
segment of the ih riser

the mean

the effect of the i[hriser

the effect of the j* segment from the iti riser

the effect of the k* sample from the j’hsegment of the ih riser

the analytical error

the number of risers

the number of segments from the iti riser

the number of samples from the jti segment of the iti riser

the number of analytical ,results from the ijkh sample.

..

Thevariables R,. S,,, and L,,. are random effects. These variables, aswellas A;,-, are
assumed to be u’nc&elated”&d normally distributed with means zero and varia~~es o*(R),
02(S), 02(L) andu2(A), respectively.

The restricted maximum likelihood method (REML) was used to estimate the mean
concentration and standard deviation of the mean for all analytes with 50 percent or more of
their reported vahresgreater than the detection limit. Themean vahreand standard deviation
of themean were used tocalculate tie95percent cotildence intervals. The following table
gives the mean, degrees of freedom, and confidence interval for each constituent.

Some analytes hadresults tiatwere below the detection limit. Inthese cases, thevahre of the
..

detection limit wasused fornondetected results. Foranalytes with amajority ofrestdts below
the detection limit, asimple average isallthat is reported.

The lower and upper limits, LL (95 percent) and UL (95 percent), of a two-sided 95 percent
confidence interval on the mean were calculated using the following equation:

IL(95~o)=fl - t(dCoo25)x ~(fi),

uL(95Yo)= ii + t(&o,025)x G(p).
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In this bquation, jl is the REML estimate of the mean concentration, b(~) is the REML
estimate of the standard deviation of the mean, and t(~~,O.w,is the quantile from Student’s t
distribution with d~degrees of freedom. The degrees of freedom equals the number of risers
with data minus one. In cases where the lower limit of the confidence interval was negative, it
is reported as zero.

Table B3-8. Tank241-BX-110 95 Percent Two-Sided Cotildence Interval for the Mean
Concentration for Solid Subdivision Data. (2 sheets)

,.P>;..,,: >,,,.. ;,,.:,: ,,. ,: ... , ,,, :<,,::.,:, ,: ., :,..,.;: ,,.: ~ ~ , ,:, ;, ,,v;:,,.,;,,,,.,,.,.,+:~;,:,........>.1, :.,....., ,.,).,.,..,:t,:.,:.,.,,?,,:,>:‘:w!$iijjj;$kpp;e$;,;; :/:+:”:;,,;::......... :>:>:...><..,:;,,.:.:.,:?,:; ..~.:~.,.;.,:,.,..,.,:.::..:,,{.,.,..,,.,..<,,,,.,.,,,
:,!,,.,,,,.,~.:.-;?;..,>,;. . ...... . ..... .>.,., .,.. .: ,:.~,;::;:.::T.:,.,.,< ,.:,.:.:::J‘;.,’..::;,.,..;,:,,. ..,’,,,,...,.\ >~.,[,.:;,
,~$$::$u~j”:;j “::“@@&l$$: ;;;5”&+#~;:::;; ;;:i’d~:+ j:.};lkiliy~ :::&&@jfi ‘jj:~iyt$;i

Aluminum ICP:F 2.35E+04 1 0.00E+OO 2.17E+05 /.lg/g

Antimony’ ICP:F <1.44E+03 nfa rrla n/a pglg

Arsenicl ICP:F <2.13E+03 rr/a rr/a nla I&g . .

Bariuml ICP:F < 1.06E+03 nla n/a n/a pglg

Beryllium’ ICP:F <1.06E+02 rrla rrla nia #g/g

Bismuthl ICP:F 4.02E+03 1 O.OOE+OO 2.71E+04 pglg

Boron’ ICP:F < 1.06E+03 nla rrJa rria ,ug/g

Bromidel IC:W < 1.07E+03 nla rrla n/a pglg

Cadmium] ICP:F < 1.09E+02 n/a nla n/a pglg

Calciuml ICP:F <2.13E+03 n/a nla rrla pglg

Ceriuml ICP:F <2.13E+03 rrla n/a n/a pglg

Chloride Ic:w 1.36E+03 1 0.00E+OO 3:70E+03 pg/g

Chromium ICP:F 6.22E+03 1 0.00E+OO 5.63E+04 /.4g/g

Cobaltl ICP:F <4.26E+02 rr/a ria rrla pgtg

Copper’ ICP:F <2.13E+02 n/a n/a n/a pglg

Fluoride IC:W 5.90E+03 1 0.00E+OO 3.85E+04 /.4g/g

Gross alpha’ Alpha:F 8.79E-03 1 0.00E+OO 8.06E-02 pCi/g

Iron’ ICP:F 2. 19E+03 1 0.00E+OO 1.59E+04 pgig

., Lanthanuml ICP:F < 1.06E+03 n/a rrJa rrla pgig

Leadl ICP:F <2.13E+03 rr/a n/a rr/a pglg

Lhhium’ ICP:F <2.13E+02 rr/a rr/a rtla jlglg

Magnesium’ ICP:F <2.13E+03 n/a n/a n/a /lg/g

Manganese] ICP:F <2.13E+02 n/a nfa rr/a /.lg/g

Molybdenum ICP:F < 1.06E+03 n/a rrla rr/a pglg

NeodymiumL ICP:F <2.13E+03 tia n/a rrla pglg

Nitrate IC:W 3.83E+05 1 0.00E+OO 1.1OE+O6 @g/g
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Tadle B3-8. Tank241-BX-110 95 Percent TWo-SidedConfidence Interval for the Mean
Concentration for Solid Subdivision Data. (2 sheets)

>:.,..:.{$:!., ::;. ..,::,:::YVYV, :~,,...;.,,.,,.,...~,,,~!.,,~::.:.:,.:.;,;;:j:,;:.;,,;.~,..:~;.?:!.3:.,.;! ! :.:,:..:,?;,>y~-.,,~,,~,,:,,,. -~,, -.,.,.,-,,.:?, ;: ;,.:,.:>:.,:,~>..:.,,, ; ; ;,,,,2 ,

;;y’~;$, *:~&$&#jj ;$:~gg~i$, $?3:}::.,..........................,..,,,,,;7 ,$ .,..fl:”~$fiiii:ii:~’ixwk?dw X:z%?a$z$:j/yg@!i:;fii&t:%X&4fit .2””:~~~ts,:

Nitrite IC:W 1.05E+04 1 0.00E+OO 2.95E+04 pglg

Oxalatel IC:W 3.86E+03 1 0.00E+OO 1.88E+04 #g/g

Percent water DSCITGA 3.62E+01 1 0.00E+OO 9.59E+01 %

Phosphate IC:W 4.31E+04 1 0.00E+OO 1.85E+05 pglg

Phosphorus ICP:F 1.62E+04 1 0.00E+OO 5.61E+04 ftglg

Samarium] ICP:F <2.13E+03 rrla nla rria pglg

Silicon’ ICP:F 1.56E+03 1 0.00E+OO 7.77E+03 pglg

Silverl ICP:F <2.13E+02 n/a rr/a n/a pglg --

Sodium ICP:F 2.33E+05 1 7.21E+04 3.95E+05 ,uglg

Strontiuml ICP:F <2.13E+02 rr/a rr/a nia” /-tg/g

Sulfate IC:W 6.72E+03 1 0.00E+OO 5.99E+04 pglg

Sulfur’ ICP:F 3.20E+03 1 0.00E+OO 1.63E+04 pglg

Thallium’ ICP:F <4.26E+03 rrla n/a da pglg

Titaniuml ICP:F <2.13E+02 rr/a n/a rrla pglg

Uraniuml ICP:F < 1.06E+04 rr/a n/a nla pglg

Vanadiumi ICP:F < 1.06E+03 nla rr/a rr/a pgig

Zincl ICP:F <2.13E+02 rr/a nla rr/a pglg

Zirconiuml lCP:F <2.13E+02 nla n/a rr/a /.lg-/g

Note:
‘A “less than”valuewas used in the calculation.

B3.4.2 Liquid Data

The model tit to the liquid data was a nested ANOVA model. The model determined the mean
value, and 95 percent contldence interval, for each constituent. Two variance components .
were used in the calculations. The variance components represent concentration differences
between samples taken from different riser, and between analytical replicates. The model is:

Yijk= p + Ri + Aij,

I=l,2,...,a; j=l,2,...,ni;
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where ‘

Yi,k =

P=

Ri =

Aij =

a=

ni =

concentration from the k* analytical result of the j* sample from the i*
segment

the mean

the effect of the i* riser

the analytical error ,

the number of segments

the number of analytical results from the i* riser.

The variable Ri is a random effect. Thk variable, along with Aij, is assumed to be
uncorrelated and normally distributed with means zero and variances o*(R): and o*(A)
respectively. The d~associated with the standard deviation of the mean is the number of risers
with data minus one.
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Table B3-9. Tank241-BX- 11095 Percent Two-Sided Confidence Interval for the Mean
Concentration for Liauid Subdivision Data. (3 sheets)

lFluoride IIC 11.42E+03 11 10.00E+OO 16.68E+03 lug/mL I

!Gross alUhal lAltrha rad I< 5.51E-03 In/a In/a In/a luCi/mL I

lIron’ IICP I<3.71E+OI In/a In/a In/a

lanthanum’ IICP I<2.58E+01 hr/a In/a In/a ludmL I

IICP 1<1.11E+02 In/a In/a In/a

lLithium’ IICP 1<5.15E+O0 hr/a In/a In/a luz/mL I

Magnesium’ IICP <5.15E+01 ala nla nla ~g/mL -”

Manganese’ IICP \<5.15E+O0 In/a In/a In/a Iug/mL

Molybdenum ICP 2.88E+01 1 8.03E+O0 4.95E+01 pglmL

Neodvmiuml !ICP I<5.15E+01 hr/a In/a In/a

Nitrate IC 5.89E+05 1 O.OOE+OO 2.99E+06 pglmL

Nitrite IIC 15.49E+04 11 10.00E+OO 12.92E+05 lu~/mL

Oxalatel IIC <1.97E+03 nla n/a In/a pg/mL

Percent H,O lDSC/TGA 15.32E+oI 11 14.81E+01 15.82E+01 1%

Phosphate! IIC 12.09E+03 11 10.00E+OO 11,.12E+04 lpg/mL

Phosphorus ICP 5.58E+02 1 0.00E+OO 1.23E+03 pglmL

lPotassium ]ICP 3.03E+03 11 1983+02 15.07E+03 lpg/mL

I<5.15E+01 In/a In/a In/a l~g/mLI,Samarium’ IICP

lSilicon hCP !l.07E+02 II !0.00E+OO 13.34E+02 lu$z/mL I

I,Silver IICP 11.64E+01 II 10.00E+OO 13.31E+01 lvg/mL I

I.Sodium hCP 12.28E+05 11 10.00E+OO 15.22E+05 ludmL I

I.Strontium’ IICP I<5.42E+O0 !rtla In/a In/a

Sulfate Ic 4.44E+03 1 0.00E+OO 3.21E+04 pg/mL

Sulfur ICP 1.99E+03 1 O.OOE+OO 5.24E+03 pglmL

ThalliumL ICP < 1.03E+02 nla nla nla pg/mL

Thatriuml ICP <5.15E+O0 n/a n/a n/a u.g/mL

Uraniuml IICP <2.57E+02 nla nla In/a ]pg/mL
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Tadle B3-9. Tank241-BX-110 95 Percent TWo-SidedConfidence Interval for the Mean

Note:
1A“lessM vatuewas used in tie calculation.
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# APPEND~ C

STATISTICAL ANALYSIS FOR ISSUE RESOLUTION

Appendix C documents the results of the analyses and statistical and numerical manipulations
required by the DQOS applicable for tank 241-BX-110 and contains:

● Section C1.0: Statistical analysis and numerical manipulations supporting the
safety screening DQO (Dukelow et al. 1995).

● Section C2.0: Appendix C references.

..

C1.O STATISTICS FOR SAFETY SCREENING DATA QUALITY OBJECTIVE

The safety screening DQO (Dukelow et al. 1995) defines decision limits in terms of one-sided
95 percent cofildence intervals. The safety screening DQO limits are 41 pCi/g for gross alpha
and 480 J/g for DSC. Confidence intervals were calculated for the mean values from each
laboratory sample. Gross alpha results are shown in Table C1-1. The DSC results are shown
in Table Cl-2.

The upper limit of a one-sided 95 percent confidence interval on the mean is

~ + ‘(df,O.OS)6ji.

In thk equation, # is the arithmetic mean of the data, &pis the estimate of the standard
deviation of the mean, and t(d~,oo~)is the quantile from Student’s t distribution with d~degrees
of freedom. The degrees of freedom equals the number of samples minus one.

For sample numbers with at least one value above the detection limit, the upper limit of a
95 percent confidence interval is given in Table Cl-1. Each confidence interval can be used to
make the following statement: If the upper limit is less than 32.8 pCi/g (61.5 pCi/mL for
drainable liquid), then reject the null hypothesis that the alpha is greater than or equal to
32.8 pCi/g (61.5 pCi/mL for drainable liquid) at the 0.05 level of significance.

Eleven of the 28 gross alpha results were above the detection limit. The upper limit closest to
the threshold was 0.0319 ,uCi/g for core 198, segment 4, lower half This result is well
below the limit of 32.8 pCi/g.
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S97T0012781 Core 197, segment 2 6.65E-03 1 1.70E-02 ,uCi/mL

S97TO01280F Core 197, segment 1, lower half 4.77E-03 1 9.69E-03 flCi/g

S97TO01307F Core 198, segment 2, lower half 9.96E-03 1 1.46E-02 flCi/g

S97TOO1309F Core 198, segment 3, lower half 1.16E-02 1 1.82E-02 ~Ci/g

S97TO01328F lCore 198, segment 4, lower half 12.18E-02 11 13.19E-02 pCilg

Note:
1A“less than” valuewas used in the calculations.

. .

Four of the 42 DSC results had an exothermic reaction. For each laboratory sample
identification number, a 95 percent upper confidence limit is given in Table Cl-2. All of the
results are expressed on a dry weight basis. Each confidence interval can be used to make the
,following statement: If the upper limit is less than 480 J/g, then reject the null hypothesis that
DSC is greater than or equal to 480 Joules/g at the 0.05 level of significance. The maximum
upper limit to a 95 percent confidence interval on the mean for DSC was 58 J/g dry weight for
the auger sample from riser 6. This result is below the threshold limit of 480 J/g.

..
Note:

lAnendothermicresult was used as an exorhermicvalueof OJ/g.
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I
t APPENDIX D I

EVALUATION TO ESTABLISH BEST-BASIS INVENTORY
FOR SINGLE-SHELL TANK 241-BX-11O I

An effort is underway to provide waste inventory estimates that will serve as standard
characterization source terms for the various waste management activities (Hodgson and
LeClair 1996). As part of thk effort, an evaluation of available information for single-shell
tank 241-BX-110 was performed, and a best-basis inventory was established. This work,
detailed in the following sections, follows the methodology that was established by the
standard inventory task.

D1.O CHEMICAL INFORMATION SOURCES

Available information useful for assessment of tank 241-BX-I 10 inventories includes the
following. I

● Two push core samples obtained in May 1997 from two widely spaced risers.
One sample represents the top 48 cm (19 in.) of waste in the tank, which has an
estimated total depth of 180 cm (71 in.). The other core sample represents 148
cm (58 in.) of the waste. A full suite of IC anions and ICP cations were obtained.
The only radionuclide analysis performed was total alpha. ““

● Two auger samples obtained in October 1995 from the same two widely spaced
risers. The samples represent the top 30 cm (12 in.) of waste in the tank, which
has an estimated total depth of 180 cm (71 in.). Because of the narrow focus of
the sample event, only five analyses were performed.

● Core sample obtained in 1978. One segment was recovered from the waste near
the tank bottom (see Appendix B).

● Analytical data for tanks that contain the lC waste type from the BiPOi process
assumed to be in tank 24 I-BX-1 10. I

● Analytical data for tanks that contain the B and BY saltcake waste types assumed
to be in tank 241-BX-11O.

I
● The predicted tank content inventories from the HDW model (Agnew et al.

1997a).
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t
D2.O COMPARISON OF COMPQ~T INVENTORY VALUES

Previous best-basis inventories (LMHC 1998) and HDW model inventories (Agnew et al
1997a) are compared in Tables D2-1 and D2-2. The chemical species are reported without
charge designation according to the best-basis inventory convention. The tank volume used to
generate the HDW inventory is 749 kL (198 kgal) of solids and no supematant. The volume
reported in Harden (1998) is slightly higher (783 kL [207 kgal]) and includes 11 kL (3 kgal) of
supematant and a 23-kL (6-kgal) solid shelf in addition to the 749 kL (198 kgal) used in the
HDW model.

The previous best-basis inventory uses the Hanlon (1998) solids volume of 772 kL (204 kgal)
and 11 kL (3 kgal) of supematant. The previous best-basis inventory was developed before the
1997 core sampling data became available. Both the HDW inventory and the previous
best-basis inventory are derived using the distribution of lC and BYSltCk waste types in the”
TLM (Agnew et al. 1997a), which, in turn, is based on the waste transaction data in the .
WSTRS (Agnew et al. 1997b). The previous best-basis inventory extrapolates analytical data
from other tanks containing the same waste types and utilizes information from the HDW
model to fill in the gaps where no analytical data are available. Most chemical analytes are
comparable (within a factor of 2) between the HDW model and the previous best-basis
inventory.

Because limited radionuclide analytical data were available from other tanks containing the
same waste types, the previous best-basis inventory relied heavily on the HDW model (Agnew
et al. 1997a) radionuclides. Consequently, Table D2-2 compares only those radionuclides for
which the previous best-basis inventory relied on data other than the HDW model.
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Tathe D2-1. Inventory Estimates for Nonradioactive Components in Tank 241-BX-1 10.

lBi 17.540 113.800

lCa 12,230 12,070

Icl I1.400 11.350

ITIC as CO, 17,460 136,400

lCr 1606 I1.41O

11,750 19,830

lFe 111.500 17.620 .

k 112.8 149.7

]406 1869

La 10.0452 10.0713

Mn 128.3 1266

Na 1.17E+05 1.26E+05

Ni 1168 1<32

NO, 19,700 127,300

NO. 11.01E+05 11.56E+05

OH,O,., 163,200 134,400 .

Pb 1187 1187

PO, I64,1OO 115,300

Si 13,460 16,700

so, 15,940 18,950

Sr o 122

TOC 11,160 12,070

u TOTAL 28,100 933

lZr 113.6 1<64

Notes:

‘ Agnewet al. (1997a)
2LMHC(1998)
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T~ble D2-2. Inventory Estimates for Radioactive Components in Tank 241-BX-110.

Notes:
‘Agnewet al. (1997a),decayedto JartusIY1, 1994
2LMHC(1998),decayedto January 1, 1994

D3.O COMPONENT INVENTORY EVALUATION

The following evaluation of tank contents is performed to identify potential errors and/or
missing information that would have an effect on HDW model component inventories.

D3.1 CONTRIBUTING WASTE TYPES

The following abbreviations are used to designate waste types:

.,

BSltCk

BYSltCk

Cw

CWP

ICI

1C2

——

——

——

——

——

——

Salt cake resulting from evaporation of supematants in
242-B Evaporator

Salt cake resulting from in-tank solidification of supematants
(evaporation) in BY Tank Farm using in-tank heaters

BiPO, process aluminum cladding waste

PUREX process cladding waste

First decontamination cycle BiPO, waste (also contains some CW used
to neutralize the IC waste) produced from 1944 through 1949

First decontamination cvcle BiPO. waste (also contains some CW used
to neutralize the lC wa~te)produ~ed from 1950 through 1956
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tiB-ITS = Hill et al. (1995) designation for evaporator bottoms. Comparable to
BYSltCk

ITS = In-tank solidification.

Model-Based Prediction of Current Waste Types and Volumes (Agnew et al. 1997a)

Waste type Waste Volume
kL (kgal)

lC1 219.5 (58)
1C2 371 (98)
BYSltCk 159 (42)

Beginning in 1949, tank241-BX-110 received lC waste from the B Plant BiPOqprocess.
Tank 241-BX-110 is the first tank in a cascade that includes tanks241-BX-111 and
241-BX-112. Most of the waste solids from the lC waste settled in tank 241-BX-110,
although some solids were cascaded to tank241-BX-111 from 1949 to 1950.

The supematant was decanted to the B-039 crib in 1953 to 1954. Tank241-BX-110 then
received 242-B evaporator bottoms from tank 241-B-105 in 1954, which may have led to the
formation of BSltCk solids. The supematant was later transferred to tank 241-C-111 for
ferrocyanide scavenging. Flush water, plutonium-uranium extraction (PUREX) process
cladding waste supematants, and B Plant ion exchange waste from cesium recovery were
received by tank 241-BX-110 in 1968 and 1969. The tank241-BX-110 solids levels (Agnew
et al. 1997b) varied considerably during this period. As much as 731 kL (193 kgal) of BSltCk
and CW solids may have been deposited in the tank. However, after the 1969 transfers of B
Plant IX waste into tank 241-BX-1 10, the net increase in solids level since the completion of
the BiP04 campaign was only 87 kL (23 kgal). This suggests that most of the soluble BSltCk
and CW solids were dissolved and removed from the tank by the flush water, supematant, and
IX waste transfers.

Waste bottoms from operation of the ITS evaporator unit in BY Tank Farm were transfemed to
tank 241-BX-110 in 1972 and 1973. Following transfer of salt well liquid from tank.,
241-BX-I 10, it is expected that lC waste fills the bottom of the tank with a layer of saltcake
from the ITS campaign (BYSltCk) on the surface. Some PUREX cladding waste and/or 242-B
Evaporator saltcake (BSltCk) may also be present.

Based on surface-level gauge measurements and photographic evaluations, the estimate of tank
volume was changed in 1995 (Hanlon 1996) to 783 kL (207 kgal) from 749 kL (198 kgal)
when a 60-cm by 90-cm (24- in. by 36- in.) ledge on the perimeter of the tank was taken into
account. Of the 783 kL (207 kgal), 11 kL (3 kgal) of supematant was estimated based on the
photographic evaluation. Agnew et al. (1997a) continues to use the 749 kL (198 kgal)
estimate and does not predict any supematant in the tank.
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Based & close examination of the waste transfer records (Agnew et al. 1997b), it is concluded
that the Agnew et al. (1997a) basis assumes that no BSltCk or CWP remained in tank
241-BX-110 before the receipt of ITS waste in 1972. Agnew et al (1997a) ignore the 503 kL
(133 kgal) solids level measured in 1953 before the decant of lC supematants to the B-039
crib, and assume that the entire 590 kL (156 kgal) solids level measured in 1969 consists of lC
sludge. The remaining 159 kL (42 kgal) of solids in the main waste mass of tank241-BX-110
are assumed then to be BYSltCk. Given the volubility of BSltCk in the intervening transfers of
flush water, CWP, and IX waste, and the fact that most of the CWP solids may have settled
out in tank 241-C-102 before transfer to tank 241-BX-110, this provides a reasonable
approximation for the relative proportions of the lC and BYSltCk waste types in the main
749 kL (198 kgal) waste mass in tank 241-BX-1 10.

However, the foIlowing scenario is more in line with the transfer history. The tank contained
503 kL (133 kgal) of lC solids at the conclusion of lC waste receipt. The tank contained
893 kL (236 kgal) of solids after receiving 242-B Evaporator bottoms from tank 241-B-105, ‘so
390 kL (103 kgal) (all solids above the 503 kL (133 kgal) lC sludge level) of BSltCk were
deposited. The solids level decreased to 746 kL (197 kgal) following scavenging and BXR
vault flushes; therefore, only 242 kL (64 kgal) of BSltCk remained by 1963. The CWP
transfers from tank 241-C-102 increased the solids level to 1,098 kL (277 kgal). However,
catch tank transfers and B Plant IX waste reduced the solids inventory to 509 kL (156 kgal) by
the start of the ITS campaign, leaving behind the 503 kL (133 kgal) of lC waste and 87 kL
(23 kgal) of BSltCk. The balance of the solids in the tank are BYSltCk produced by the ITS
campaigns. This includes 159 kL (42 kgal) of solids in the main waste mass and the 23 kL
(6 kgal) of solids in the shelf, which are assumed to be BYSltCk, for a total of 182 kL
(48 kgal) of BYSltCk. The location, light color, and crystalline appearance of the shelf
support the assumption that the shelf consists of BYSltCk. Under this scenario, the tank is
assumed to contain 503 kL (133 kgal) of lC sludge, 87 kL (23 kgal) of BSltCk, 182 kL (48
kgal) of BYSltCk, and 11 kL (3 kgal) of supematant. This breakdown of waste types is used
in the remainder of this best-basis inventory evaluation. In addition, 11.kL (3 kgal) of
supematant are assumed based on the revised volume estimates, the successful grab sampling
of supematant in 1990, and the drainable liquids noted in core and auger samples.

D3.2 BASIS FOR ASSESSING lC WASTE IN TANK 241-BX-11O..

An estimate of the composition of the lC sludge layer can be made by comparing the sludge
layer of tank 241-BX-110 to other tanks containing lC shrdge. In the BiPOi process from
1944 through 1954, the 1C waste was combined with the CW stream before being discharged
from the plant (Anderson 1990).

Agnew et al. (1997a) identifies lC waste produced from 1944 through 1949 as HDW waste
type lC 1 and designates lC waste produced from 1950 onward as HDW type 1C2. Agnew
et al. (1997a) state that tank 241-BX-110 received 1,590 kL (420 kgal) of 1C1 waste through
1949and subsequently received 2,420 kL (640 kgal) of 1C2 waste. Assuming a solids content
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of 13.~percent and 14.3 percent for ICI and 1C2 ,wastes, respectively (Agnew et al. 1997a),
the lC1 waste layer in tank 241-BX-110 consists of 38.6 percent ICI waste and 61.4 percent
1C2 waste. Because the densities of lCI and IC2 wastes are nearly identical, subsequent
discussions of the HDW lC waste type in tank241-BX-110 will refer to this blend of IC1 and
1C2 wastes.

Several tanks, including the following, received 1C/CW waste directly from T Plant:
24I-T-104, 241-T-107, 241-TX-109, 241-TX-113, 241-U-11O, 241-TY-101, and
241-TY-103. Sample datiare notavailable forthesolid layers ofta&s24l-TX-lO9,
241-TX-l 10,Or 241-TX-113. The lCwaste wasmixed with substantial quantities of other
wastes intanks241-TY-101, 241-TY-103, and241-U-l 10, maklngit difficult to accurately
determine thecomposition of thelC/CW waste sludge. Tanks 241-T-104 and241-T-107
provide some of the best examples of T Plant lC/CW sludge composition.

Several other tanks received lC/CWwaste directly fromthe BPlant BiPOdprocesslC ‘“
operations. These tanks included 241-C-l lO(Benar 1997b), 241-BX-112 (Kupfer and

.Winward 1997), and241-BX-107 (Winkelman 1997). Tanks 241-C-110, 241-BX-107, and
241-BX-112 are the best examples of B Plant lC/CW waste because these tanks contain
lC/CW waste almost exclusively, and analyses of core samples are available for these tanks.
Calculations show that thecomposition of the BPlant lCwaste andthe TPlant lC waste are
consistent with the flowsheet basis (Schneider 1951 and Kupferet al. 1997) forthe first cycle
BiPOi process, andnosignificant plant toplant differences exist. The relative concentrations
ofcomponents expected to precipitate 100percent tothewaste solids (e.g., Bi, Fe, Si, Zr) are
consistent (up to a factor of three) between the samples and are approximately proportionate to
the relative lCflowsheet concentrations forthose components (see Appendix Cof Kupferet
al. 1997). Therefore, itcanbe concluded that thesample dauforthese ti&s are consistent
with the flowsheet basis. In addition, the concentrations ofcomponents that partition between
solids and supematants arecomparable between the tanks andrepresent expected chemical
behavior. Kupferet al. (1997)describe theprocess forapplying component concentration
factors for reconciling process-based flowsheet compositions and sample data to determine the
consistency of the sample andtheflowsheet basis.

The composition of waste in tanks 241-T-104, 241-T-107, 241-BX-112, 24I-BX-107, and
241-C-110, based on the respective TCRS (Sasaki 1997a and 1997b, Kupfer and Winward
1997, Winkelman 1997, and Benar 1997b), are compared in Table D3-1 to the mean
composition ofsegments 3and40fcore 198 from tank 241-BX-110. These two segments are
expected to represent the lower 466 kL (123 kgal) of waste inthe tank, which is assumed to
consist entirely of lCshrdge. Shown forcomparison are the 1978 core sample results (Bratzel
1980), including the9.8percent uinsoluble'' phosphate result (Hofionl979). Table D3-1
includes the HDWmodel composition forlCwaste from Agnew et al. (1997a).

Anexamination of thedata from thetafis listed in Tables D3-l and D3-2reveals that the
average results for core 198, segment 3 and4, from tank 241-BX-110 are significantly higher
in aluminum, sodium, NOg, and density, andlower in bismuth, POt, andmoisture than any
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other tdnks. This inconsistent with theadmixmre,of ~picalsaltcake consti~ents such as
sodium nitrate andsodium aluminate intoa lC sludge. Thehigh aluminum concentration may
indicate the presence of cladding waste.

The1978core sample results areincluded in Table D3-l for comparison. This sample was
recovered from thelower51 cm(20in.) ofsludge intank241-BX-l 10 before the waste was
disturbed wMleprobing fortiesaltcake-sludge interface (Jungfleischl98O). The 1978 core
sample more closely resembles the HDW lCsludge,composition andthemean values of the
comparison tanks than clothe 1997 cores. The 1978 core sample hassomewhat higher bismuth
and lanthanum and lower uranium and fluoride than are found in any of the other samples.

. .
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Al /34,963 /37,466 /35,930 /54,915 130,370 /38,729 128,055 /80,137 /38,254

Bi 154.523 148.209 133.920 164.068 120.741 14.292 126,617 110.746 179.834

Ica 1968 16,915 1<967 14,915 12,778 13,894 16,247 1<3,185 In/r I

Cd 6 <164 13 18 12 12 n/r <107 <699

c1 2,787 2,893 2,739 2,271 1,013 2,341 2,337 1,920 dr

co, 14,181 28,926 26,382 <1695 27,407 24,224 9,354 4,236 nlr

Cr 2.367 3.554 1.166 3.054 656 2,159 536 . 2,504 2,723

F 22,469 29,477 19,070 29,051 21,296 24,273 5,607 13,155 3,534

Fe 27,139 26,061 26,884 30,576 58,333 33,799 40,109 4,886 n/r -

Hg 1.38 nlr 1.12 <0.42 0.25 <0.793 41 nlr nlr

K 643 1,118 1,405 302 59 705 560 rr/r rrlr

La <4 <430 19 <35 <4 <98 10 <1,741 1314

Mn 1158 1890 190 1209 1411 1352 10 I<347 In/r

Na 12.50E+05 12.25E+05 12.08E+05 12.19E+05 12.41E+05 12.29E+05 12.45E+05 13.78E+05 12.74E+05

Ni 130 1<8 1<61 138”’ 1541 1203 1149 In/r Inlr

NO, /30,073 70,523 123,342 13,831 21,852 131,924 26,427 \14,966 nlr

NO. 13.35E+05 12.07E+05 12.76E+05 h.97E+05 11.40E+05 12.31E+05 h.30E+05 15.72E+05 12.91E+05

IOHTOT., l~r In/r Itir In/r 1130,571 In/r In/r I

lPb 1154 1<912 1648 1169 11.474 1611 10



~i “ t
16,577 23,140 17,990 22,102 11,241 18,210 11,082 3,669 3,701

S as SO, 33,496 17,851 29,899 13,017 19,630 22,779 10,611 19,620 11,975

Sr 411 364 327 336 1,781 644 0 <347 nh

TOC 1,951 2,642 <1698 <1932 3,148 2,580 0 730 1,599

u 11,834 2,865 5;377 3,041 41,852 12,994 96,186 <17,406 99

Zr 333 <215 432 229 209 301 46 . <347 <644 ,

“:tia$#nuiliqe’: ;&&j(g2, ~~g$~i:: :;:i;efii$; :g$~~?iti$~ $#fi@~&:~ ‘~E&if&<g $i!:$ei?g{g; g$q[$$ 2;kGff$$
241*m 0.0138 <0.460 <0.0239 <0.0586 ‘<o. 134 <0.13915 4.95E-04 rrlr nlr -

“C 6.360E-04 nlr 8.04E-04 < 1.53E-04 < 3.54E-04 <0.00051 2.48E-04 nlr nlr
1 ,

‘Co <0.0139 <0.0366 <0.0746 <7.39E-04 <0.0244 <0.0294 5.78E-05 nlr nlr
137~~ 41.3 143 47.2 0.654 22.4 50.9 26.9 oh 71.1
154EU

<0.0377 <0.0926 <0.208 0.01 <0.0920 <0.088 0.00105 nlr rrlr
lss~u <0.0719 <0.463 <0.229 0.00976 <0.109 <0.177 0.00567 rrlr rrlr
239/240pu 0.0140 nlr 0.201 rzk rrlr 0.170 0.0928 nlr oh



Table D3-1. Composition of lC Waste in Tank 241-BX-110. Water-Free Basis. (3 sheets)

‘Tc 10.0902 Itir 10.0829 1<0.00214 !<0.0935 I< 0.0756 10.00172 Itir Ikr/r

Notes:
nlr = not reported

Whkelman (1997)
2KupferandWlnward(1997)
3Benar(1997b)
‘Sasaki(1997a)
‘Sasaki(1997b)
6Blendof 38,6 percent lC1 and 61.4 percent 1C2definedwaste(Agnewet al. 1997a)
‘Bratzel(1980);includes9.8 percent“insoluble”fractionphosphateresultper Horton(1979).
8Radionuclidesare decayedto January1, 1994.
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T~ble D3-2. Summary of Tank241-BX-110 ,Analytical Data on a Water-Free .Basis.

lCa 1<4.120 !<3.985 1<2.471 !<3.618 1<2.971 1<3,197 1<3,733

cl 4,275 2,744 1,076 2,167 1,554 1,652 2,188

TIC as 17,021 9,586 5,393 8,618 6,011 4,530 3,941
rn.--,
Cr 44,101 13,139 930 8,959 3,012 2,924 2,083 . .

F 8,994 8,177 956 18,771 9,532” 7,561 18,750

Fe <2,050 <1,992 <1,236 9,710 1,912 2,515 7,257

Hg nh nlr nlr nh rr/r nir nlr

K nlr nlr nh rrlr rrlr nlr rr/r

La <2,050 <1,992 <1,236 <1,809 <1,486 <1,606 <1,875

lMn 1<412 I< 398 I< 247 ]<362 I<297 I< 320

lNO, 14.45E+0517.99E+05 17.14E+O:

<373

Na 3.38E+05 4.45E+05 3.07E+05 3.72E+05 3.73E+05 3.80E+05 3.75E+05

Ni nlr nlr nlr rrfr nlr rrlr nlr

NO, 34,236 19,549 8,118 17,918 11,307 13,561 16,372

, 5 3.84E+05 6.45E+05 6.95E+05 4.48E+05

Pb <4,122 <3,985 <2,471 <3,618 <2,971 <3,197 <3,733

Pas PO, 75,170 81,912 19,716 116,982 72,561 51,161 85,831

Po, 86,847 72,180 14,088 113,652 74,140 50,000 118,056

.4 2,050 2,061 5,278

S as SO, I<12,360 I<11,955 I<7,413 132,918 10,028 14,500 24,740

lSi 1<2.050 !<1.992 1<1,236 13,87

so, 16,093 14,643 12,125 127,133 19,587 112,015 21,875

Sr <412 <398 <247 <362 <297 <320 <373

566!ITOC 15.358 13.327 11.166 13.771 11,513 1894
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T~ble D3-2. Summary of Tank 241-BX-110,Analytical Data on a Water-Free Basis.

Note:
LH = lowerhalf
UH = upperhalf

‘Corenumberand section(e.g., C197-1= core 197,section1)

To provide a common basis for comparison of the data in Table D3-1, the reported water mass
was removed from the results (i.e., the results are compared on a water-free basis) To
facilitate comparison with analytical results for other segments of tank 241-BX-110, the
analytical results in Appendix B are summarized on a water-free basis in Table D3-2.

D3.3 BASIS FOR ASSESSING SALTCAKE INVENTORIES IN TANK 241-BX-11O

Tank 241-BX-110 is expected to contain lC sludge beneath a layer of BSltCk which, in turn,
is overlain by a BYSltCk layer. Because all samples except segment 4 of core 198 contained
granular or crystalline material, all core samples were compared with each type of saltcake to
determine the demarcation between the layers. Both types of saltcake consist primarily of
sodium nitrate but differ in concentrations of species such as bismuth, phosphate, aluminum,
and sulfate, for which sample results are available, and ofher species such as radionuclides, for
which sample results are not available. BSltCk contains comparatively more bismuth,
phosphate, and uranium; while BYSltCk contains comparatively more aluminum, sulfate, and ‘
fission products.
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D3.3.l! Basis for Assessing BY Saltcake Layer in Tank 241-BX-11O

As described by Agnew et al. (1997a), the waste consists of a layer of lC sludge at the bottom
of the tank, overlain by BYSltCk. The present evaluation assumes a iayer of BSltCk between
the sludge and the BYSltCk. The analytical data from core sampling of tank 241-BX-110 in
June 1997 (Nuzum 1998) indicate granular or crystalline material in all samples except for
segment 4 of core 198. To determine the demarcation between the BSltCk and BYSltCk
layers, all sample segments are compared with accepted compositions of BY sakcake.

A defined waste composition for BYSltCk is provided in Agnew et al. (1997a). Because of the
complicated waste supematant transfer hktory of feed to the ITS campaign and the lack of a
flowsheet basis for the waste, it is difficult to perform an independent assessment to estimate
a saltcake composition that can be compared to the analytical data and model-based BYSltCk
composition. However, some samples from several BY Tank Farm tanks containing saltcake
have been analyzed and reported. Table D3-4 summarizes the compositions of saltcake from”
@nks241-BY-105, 241-BY-106, and 241-BYT110based on segment-level analysis (Simpson
et al. 1996a and 1996b and Bell et al. 1996). The table also shows the average concentrations
of waste components for the BY Taok Farm sakcake and the BYSkCk defined waste
composition from Agnew et al. (1997a). To provide a common basis for comparison of the
data in Table D3-4, the reported water mass was removed from the results (i.e., the results are
compared on a water-free basis). Table D3-3 includes the mean analytical results of Tank
241-BX-110, core 197, for comparison with this. saltcake waste type.

Table D3-3. Composition of BY Saltcake in Tank 241-BX-110, Dry Weight Basis. 1
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Notes:
‘Lessthanvalueswere not includedin this analysis.
‘Simpsonet al. (1996b)
3Bellet al. (1996)
‘Simpsonet al. (1996a)
‘Agnewet al. (1997a)
6Radlonuclidesare decayedto January 1, 1994.
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The av;rage composition, based on sample analyses, of core 197 compares within
approximately a factor of two with the predicted BYSltCk composition for most major
components from the HDW model. Two obvious outliers are the high chromium and
phosphate results for core 197. The mean phosphate result for core 197 is triple the maximum
result of any of the BYSltCk comparison tanks. However, this phosphate concentration is
lower than that noted for BSltCk tanks in the following section. For core 198, no clear
demarcation can be identified between segments representative of BYSltCk and those more
representative of lC sludge or BSltCk. The bismuth concentrations in all the core 198 samples
in Table D3-2 are indicative of BSltCk and lC sludge and are not typically associated with
BYSltCk. Therefore, core 197 results and not core 198 results are used to assess the inventory
of the BYSltCk layer. The average analytical-based composition from tanks 241-BY-105,
241-BY-106, and 241-BY-110 is used to estimate the inventory of the tank241-BX-110
BYSltCk analytes where the analytical data indicate ‘<lessthan” composition values.

. .

D3.3.2 Basis for Assessing B Saltcake Inventories in
Tank 241-BX-11O

The abbreviation, BSItCk, is used by Agnew et al. (1997a) to represent salt waste supematants
that were evaporated and concentrated in the 242-B Evaporator until they were largely
solidified. Tank 24I-BX-110 received 242-B Evaporator bottoms, which are assumed to have
formed a layer of BSltCk. Agnew et”al. (1997a).assume that the BSltCk layer was washed out
by”subsequent transfers. However, a review of the waste transfer history (Agnew et al.
1997b) indicates that up to 87 kL (23 kgal) of BSltCk remained in the tank when additional
salt-forming concentrates were received from the 241-BY ITS campaigns. The uppermost
layer in tank241-BX-110 is believed to consist of BYSltCk deposited above the BSltCk. It is
conceivable that intermixing of the two saltcake waste types may have occurred if the hot ITS
evaporator bottoms dissolved some of the BSltCk. Thk section compares data from core 198
to BSltCk. Agnew et al. (1997a) provides a single average composition for the BSltCk defined
waste. However, hktorical records (Anderson 1990 and Agnew et al. 1997b) indicate that
supematants from the first-cycle bismuth phosphate process (1C waste) and supematants from
the uranium recovery process were evaporated in the 242-B Evaporator and transferred to
several tanks in the 241-B Tank Farm. The chemical compositions of the dilute supematants
from these processes differed. Because the supematants were not all blended together before.,
evaporation, the saltcake compositions resulting from evaporation of these wastes are expected
to differ as a function of position within a tank and as a function of which tank was used as a
receiver at a particular time.

Because of the complicated waste supematant transfer hk,tory of feed to the 242-B Evaporator
and the lack of a flowsheet basis for the waste, it is difficult to perform an independent
assessment to estimate the saltcake composition that can be compared to the model-based
BSltCk composition. However, waste samples from a limited number of B Tank Farm tanks
expected to contain BSltCk have been analyzed and reported. Table D3-4 summarizes the
composition data for tanks 241-B-104 (Field and Higley 1997), 241-B-106 (Higley and Field

D-18



HNF-SD-WM-ER-566 Rev. 1

1997),’241-B-108 (Schreiber 1997), and 241-B-1Q9(Benar 1997a). The analytical results for
these tanks were evaluated at the core segment level to identify the areas representing BSltCk.
The mean of segments 2, upper half and lower half, segment 3, and segment 4 of core 198
from tank 241-BX-110 is also shown. The data for core 197 were shown previously in the
assessment of the BYSltCk in Table D3-3. To provide a common basis for comparison of the
data in Table D3-3, the reported water mass was removed from the results (i.e., the results are
compared on a water-free basis). Table D3-3 includes the HDW model composition for
BSltCk (also on a water-free basis) for comparison.

Comparing Tables D3-1 and D3-3 with the core sample results in Table D3-2, segments 1, 2,
and 2A of core 197 resemble BYSltCk. Major differences between BSltCk and BYSltCk
include higher concentrations of aluminum, bismuth, and phosphate in BSltCk. There is
sufficient overlap in the aluminum concentrations in both saltcake waste types to span the
ranges of aluminum concentration found in cores 197 and 198, except for core 198-4. The
composition of core 198 agrees within a factor of two with the composition of BSltCk given-in
Table D3-4. The demarcation point between the three postulated layers is not apparent by
inspection of the data. Consequently, the mean of segments 2, upper half and lower halfi
segment 3, and segment 4 of core 198 will be used to assess the composition of the BSltCk
layer. Mean analytical results given in Table D3-4 for the comparison tanks will be used
where available to fill in the gaps in the Tank241-BX-110 core sample results.

Table D3-4. Composition of 242-B Evaporator Saltcake in Tank 241-BX-110
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‘ Table D3-4. Composition of 242-B Evaporator Saltcake in Tafi 241-BX-110

Notes:

nlr = not reported

‘Fieldand Higley(1997)

2Higleyand F]eld(1997)

3Schreiber(1997). Data fromupper half of segment1 fromcores 172and 173are not includedbecause
thesepartialsegmentscontainprimarilyCW.

4Benar(1997a). Core 170. Core 169data are not shownbecausethis core containedprimarilyCW.

‘Agnewet al. (1997a)

6RadIonuclidesdecayedto January 1, 1994
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..

D3.4 I%TIMATED CHEMICAL INVENTORY FOR TANK 241-Bx-llo

The estimated chemical inventory for tank 241-BX-110 is the sum of the individual inventories
of the lC sludge, BYSltCk, BSltCk, and supematant components for all analytes except
mercury and hydroxide. The mercury inventory of each tank was established by a global
inventory reconciliation for all waste tanks (Simpson 1998). The hydroxide inventory was
computed by a charge balance of the entire tank contents after summation of the contributions
of the individual layers. The individual inventories of the lC, BYSltCk, BSltCk, and
supematant layers are presented in Tables D3-8, D3-9, D3-10, and D3- 11, respectively.
Table D3-12 contains the combined chemical inventory for the entire tank. Table D3-12 also
includes a sample-based inventory and the inventory estimated by the HDW model for the tank
(Agnew et al. 1997a) for comparison.

D3.4. 1 Inventory of lC Waste

The estimated inventory for the lC waste components for tank241-BX-110 was calculated as
the product of the 1978 core sample component concentrations on a dry weight basis; a waste
volume of 503 kL (133 kgal); the average density of 1.87 for core 198, segment 3, lower half
and segment 4, lower halfi and the average water content of 38.2 percent for core 198,
segments 3 and 4. Gaps in the 1978 core sample data were tilled in using the average lC
sludge concentrations given in Table D3-1 where available and with HDW compositions where
no other analytical data were available. The 1978 core sample results for bismuth, fluoride,
silicon, and uranium diverged greatly from both the average lC sludge concentrations given in
Table D3-1 and the HDW model concentrations. Consequently, the lC sludge concentration
was used for these analytes. Because the core samples from core 198 appeared to contain a
combination of sludge and saltcake, the core 198 analytical results were not used to calculate
the lC sludge component inventory. The inventory of lC waste is summarized in Table D3-5.
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t
Table D3-5. Inventory of lC Waste in Tank 241-BX-1 10. (2 sheets)

;;;;;;;;:: j:~~~tiatioi g@~:$~’~~$~jg?:5F$’g@38?2!
. ,,. >... . . , ... .. . .... . . ...

,;,~:;,,,o,..:, .,.,~Y,
. .,, ..,,.;..,,. <.,<?,,,,.,,. . ,.,..,,,;;.<,..,; ‘:;<:,:,..,, ,.:,,.,. ... . . .

,’An’aljw ‘i&gigdry3:%gfij%$ MiY+523:Rti:Mtirnentiw3?:::x:l:i:::~i::
Al 38,254 23,641 22,296 1978 core samplel

Bi 44,292 27,372 25,816 Average lC composition in other tarr!-d

Ca 3,894 2,406 2,270 Average lC composition in other tanks’

cl 2,341 1,447 1,364 Average lC composition in other tanks’

TIC as 24,224 14,970 14,119, Average lC composition in other tanksl

co,

Cr 2,723 1,683 1,587 1978 core sample’

F 24,273 15,001 14,148 Average lC composition in other tarrksl

Fe 33,799 20,888 19,700 Average lC composition in other tanks’ .

Hg 41 25 24 Global reconciliation for entire tank

K 705 436 411 Average lC composition ‘in other tanks’

La 314 194 183 1978 core samplel

Mn 352 218 205 Average lC composition in other tanksl

Na 2.74E+05 1.79E+05 1.60E+05 1978 core sample*

N02 31,924 19,729 18,607 Average IC composition in other tanks]

N03 2.91E+05 1.80E+05 1.70E+05 1978 core samplel

OH,OTAL -- -- . . Charge balance for entire tank

Pb 611 378 356 Average lC composition in other tanksl

Si 18,210 11,254 10,614 Average 1C composition in other tanks’

so, (It) 11,975 7,401 6,980 1978 core sample’

TOC 1,599 988 932 1978 core sample’

u TOTAL 12,994 8,030 7,574 Average lC composition in other tanksl

Zr 301 186 175 Average lC composition in other tarrksl

Note:
‘Adjustedfor densityof 1.87 g/cm3and 38.2 percent moisturecontentto agree with physicalpropertiesof
core 19S,segments3 and 4.

D3.4.2 Inventory of BSltCk Waste

The estimated chemical inventory for the BSltCk waste was calculated as the product of the

average component concentrations for core 198 given in Table D3-4, a waste volume of 87 kL
(23 kgal), the average density of 1.83 for core 198, and the average water content of
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36.3 p&cent for core 198. Gaps in the data were ,filled in using the average component
concentrations for BSltCk from Table D3-,4 Where available and HDW com!Josition from
Table D3-4. Table D3-6 shows the BSltCk waste inventory of tank 241-BX-1 10.
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Note:
‘Adjustedfor density of 1.83 glcm’ and 38.3 percent moisture content to agree with physical properties
of core 198, segment 2, upper half and lower half, segment 3, and segment 4.

D3.4.3 Inventory of BYSltCk Waste

The estimated inventory for BYSltCk waste was calculated as the product of the average
component concentrations for the segments 1, 2, and 3 of core 197 from”Table D3-3; a waste
volume of 159 kL (42 kgal); and the average density of 1.74 g/mL for core 197, segments 1,
2, and 2A. Gaps in the data for tank241-BX-110 were filled in using the average
composition, on a dry weight basis, of the other tanks listed in Table D3-3 and adjusted to
account for the 36.2 percent average moistnre content of core 197, segments 1, 2, and 2A. If
sample results were below detection limits, then the HDW concentration was used.
Table D3-7 summarizes the BYSltCk inventory of tank 241-BX-110.

.. D3.4.4 Inventory of Supernatant

The estimated inventory of the supematant layer was calculated as the product of the average
drainable liquid composition of core 197, segment 1 and core 198, segment 1 from Appendix -
B; the average drainable liquid density of 1.60 g/mL for core 197, segment 1, and core 198,
segment 1; and a supematant volume of 11 kL (3 kgal). There is no attempt made to estimate
the contribution of analytes below the detection limit because of the small total contribution of
the supematant to the overall tank inventory. The supematant inventory is shown in
Table D3-8.
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t
Table D3-7. BYSkCk Inventory of Tank 241-BX-110. (2 sheets)

Al 115,250 19,734 12,688 Core 1997 meanl

Bi 166 142 I12 lAverage BYSltCk in other tanks’ -”

Ca 397 254 70 Average BSltCk composition in other
tanksl

cl 2,698 1,722 476 Core 197 mearl

TIC as C03 10,667 6,809 1,880 Core 197 meanl

Cr 19,390 12,377 3,418 Core 197 mean’

F 6,042 3,857 1,065 Core 197 mean’

Fe 686 438 121 Average BSltCk composition in other
tanks]

Hg 7 5 1 Global reconciliation for entire tank

K 2,226 1,421 392 Average BSltCk composition in other
tanksl

La o 0 0 HDW model’

Mn 49 31 9 Average BSltCk composition in other
tanksl

Na 3.64E+05 2.32E+05 64,109 Core 197 meanl

Ni 135 86 24 Average BSltCk composition in other
tanksl

NO, 20,634 13,172 3,637 Core 197 mean’

N03 6.52E+05 4.16E+05 1.15E+05 Core 197 meanl

Pb 105 67 19 Average BSltCk composition in other
tanks’

1 1 1 I

PO, (ICP) 158,933 137,619 110,388 lCore 197 mearf

S04 (IC) 14,287 12,736 756 Core 197 meanl
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Note:
‘Adjustedfordensityof 1,74g/cm5and 36.2 percentmoisturecontentto agree with physicalpropertiesof core
197, segments 1, 2A, and 2B. . .

Bi 1340 14 Mean of C197-1 and C-198-1 drainable liquid

Ca 149 11 lMean of C197-I and C-198-1 drainable liquid

cl 13,843 144 Mean of C197-1 and C-198-1 drainable liquid

TIC as CO. 10 10 lNot reported

Cr 15,500 162 Mean of C197-1 and C-198-1 drainable liquid

F 11,113 113 lMean of C197-1 and C-198-1 drainable Iiauid

Hg 10 10 Not reported

K 12.957 134 lMean of C197-I and C-198-1 drainable liauid

r-a 10 10 Not detected

Mn 10 10 lNot detected
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D3.4.5 Sample-Based Inventory

To compare the HDW model and engineering inventory estimates with the 1997 core sample
data, the inventory of tank241-BX-110 is also evaluated purely from sampling data without
consideration of the contributing waste types, flowsheets, or transfer history. Such
a sample-based inventory is of interest for comparison only and is not sufficient to fully
characterize the tank because the sample data set includes very limited radionuclide analyses.
This sample-based inventory estimate takes into account the complex sampling evolution that
resulted in each sample result representing a differing quantity of tank contents. The sample
results are weighted to eliminate the spatial bias in the mean analytical results in section B3-4.
Five samples (core 197, sections 1, 2, and 2A, and core 198, sections 2, upper half and lower ,

.. half) were obtained from the upper 66 cm (26 in.) of solids, while only two samples
(core 198k sections 3 and 4) were obtained from the lower 107 cm (42 in.) of waste. The
spatial weighting consists of multiplying the mean analyte concentration result for each solid
segment or subsegment by the volume of tank waste represented by that sample. The mean
density result for each sample result was used. The sample-based inventory then is the
summation of these individual quantities.

The core sampling worksheets and data sheets were reviewed to determine the volume of tank
contents represented by each sample. The tank was assumed to be stratified vertically and
homogeneoushorizontally. In the upper portion of the tank for which core sample segments
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were r~covered from both risers 3 and 6, the analytical result from each riser was weighted
equally. For the lower portion of the tank for which sample segments were recovered from
only riser 3, those analytical results were considered to represent the entire cross section at that
depth.

Table D3-9 shows the volume associated with each sample. Each sample segment is assumed
to represent a cylindrical section of the tank waste equal in height to the sampler stroke length.
This is appropriate because it is not known from which portion or portions of the sampler
stroke the solids were collected. The sectional fraction equals 1 if that sample segment is the
only sample representing that section of the lank. For those portions of the tank where
samples were recovered from both risers 3 and 6, the sectional fraction equals 50 percent,
thereby giving equal weight to each sample result for that area. For core 198, segment 2, each
of the two subsamples was assumed to represent half of the 48-cm (19-in.) sampler stroke.
Core 197, segment 2A overlapped part of the lower half of core 198-2. Therefore, the
sectional fraction of the lower half of core 198, segment 2 was adjusted to reflect that the top”
10.8 cm (4.25 in.) thereof overlapped core 197, segment 2A, while the bottom 13.5 cm (5.2
in.) was the only sample of that elevation of the tank. Core 198, segment 4 was assumed to
represent not ordy the 33-cm (13-in.) stroke, but also all waste below that level, including the
7.6-cm (3-in.) bit set, the 7.6-cm (3-in.) tank bottom safety margin, and the 21. l-cm (8.3-in.)
difference between the elevation of the tank bottom beneath the riser and the bottom center of
the tank. The waste surface zip cord measurement used to establish the sampler stroke lengths
agreed closely with the volume of the main solid ,wastemass in HanIon (1998). The RF’Dwas
only 0.21 percent. The uppermost saltcake sample, segment 1 of core 197, is assumed to most
closely represent the composition of the shelf. The volume of the shelf, adjusted slightly to
bring the total represented volume into agreement with the Harrlon (1998) volume, is added to
the volume represented by segment 1 of core 197.

The composition of each sample segment is obtained from the mean sample results given in
Appendix B. Table D3-10 summarizes these analytical results on a segment-by-segment basis
for each analyte. The sample-based inventory is presented in TableD3-11. The mass of each
analyte is the product of the analytical concentration and the volume represented by the
corresponding sample segment.
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‘fable D3-9. Volumes Represented By Individual Sample Segments/Subsegments
Obtained from Tank 241-BX-110 in 1997.

Notes:
‘Core 182, segment 2, stroke was 48 cm (19 in.). Lower half snd upper half subsegments were each assumed
to represent half of the sampler stroke.

‘Core 197, segment 2A overlaps top 10.8 cm (4.25 in.) of the lower half of core 198, segment 2. Sectional
fraction for core 182, segment 2, lower half, then becomes: [(4.25/2) + (9.54.25)] / 9.5 = 0,78.

‘Core 194, segment 4 represents the 33+m (13- in.) stroke, plus the remaining 16.5 cm (6.5 in,) that were not
sampled because of the bottom detector tripping, plus the 7.6-cm (3-in,) core bh set, plus the 7 ,6-cm (3-in.)
tank bottom safety margin, plus the 21-cm (8.268-in.) elevation of tank bottom at riser 3 above the bottom
center of the dkbed tank bottom.

‘Compositionof the shelf is best represented by uppermost saltcake sample (core 197, segment 1). Shelf
volume was adjusted to bring total solids volume into agreement with HamIon(1998).
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Table ~3-10. Mean Sample Results for Tank241-BX-110 Core Sample Segments. (2 sheets)

Bi <2,130 <2,120 <2,140 7,480 2,810 3,150 9,630

Ca <2,130 <2,120 <2,140 <2,120 <2,160 <2,110 <2,150

cl 2,210 1,460 932 1,270 1,130 1,090 1,260

TIC as 8,800 5,100 4,670 5,050 4,370 2,990 2,270
co,

Cr 22.800 6.990 805 5.250 2.190 1.930 1.200 “-

F 4,650 4,350 828 11,000 6,930 4,990 10,800

Fe <1,060 <1,060 <1,070 5,690 1,390 1,660 4,180

Hg nlr rrlr rrlr rr/r nlr nh rr/r

K nlr nlr nh nlr nh nh nlr

La <1,060 <1,060 <1,070 <1,060 <1,080 <1,060 <1,080

Mn <213 <212 <214 <212 <216 <211 <215

Na 1.75E+05 2.37E+05 2.66E+05 2.18E+05 2.71E+05 2.51E+05 2.16E+05

Ni rrir nfr nlr rrlr rrlr @r nlr

NO, 17,700 10,400 7,030 10,500 8,220 8,950 9,430

NO, 2.30E+05 4.25E+05 6.18E+05 2.25E+05 4.69E+05 4.59E+05 2.58E+05

OH,O,,, rrlr nlr nlr rrlr rrlr rr/r nlr

Pb <2,131 <2,120 <2,140 <2,120 <2,160 <2,110 <2,150

PO, 38,863 43,577 17,074 68,552 52,752 33,766 49,439
(ICP)

PO, (IC) 44,900 38,400 12,200 66,600 53,900 33,000 68,000

Si <1,060 <1,060 <1,070 2,270 1,490 1,360 3,040

SO, (ICP) <6,390 <6,360 <6,420 19,290 7,290 9,570 14,250

so, (It) 3,150 2,470 1,840 15,900 6,970 7,930 12,600

Sr <213 <212 <214 <212 <216 <211 <215

TOC 12,770 1,770 1,010 12,210 1,100 590 326

u TOTAL <10,600 <10,600 <10,700 <10,600 <10,800 <10,600 <10,800

Zr <213 <212 <214 <212 <216 <211 <215
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Table D3-I 1. Spatially Weighted Samule-Based Inventory for Tank 241-BX-110. (2 sheets)
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D3.4.6 Summation of Chemical Component Inventory Estimates

..
Table D3-12 shows the summation of the individual layer-by-layer inventory estimates. For
comparison, the sample-based inventory and the HDW inventory are presented, as well.
Comparison of the inventory estimates indicates that the estimated chemical inventory for most
analytes is higher than the HDW inventory. This is consistent with the higher density noted in
the 1997 core samples and the assumption that the tank contains more saltcake, including
BSltCk, and less lC than the HDW model predicts. The sample-based inventory has more
aluminum, sodium, and nitrate, and less bismuth and phosphate than the layer-by-layer
component inventory which takes into account the fill history of the tank. This results to
a large extent from the incorporation of 1978 core sample data to estimate the composition of
the lC waste layer.
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T’ableD3-12. Estimated Chemical Inventory for Tank 241-BX-110.’
.,,.....................[. -;*:::,:;,...>.....,.<,.. .. ..,....,,.....Y..+:,l,, .,.,,’.:;:.,.........}.;;,...,,.;. ...;~....-,,>?,>.,<,,.. .. ,,,,,,,,,..,.,..,.,;, >.:..,::.,,. .,,2.,

“ :~’i?wwf:w q$~f; ‘Asm:otii :.:IkIH~~ :f$a.yp$~,.., . ........... .~,,~,::>$-$.:,:,;ii.... ..:,,.>,,:$,,,,>,. ,.., f~;<,:~;,.j~,:::.:::,;~.::.,.?::.><y?::;.,22$:,,,::,.,.,,,”,,:~,,,.>,,,,.,,,::,t,.>,.:,,~,?:.,
%@f~~;. “$;$JG$$’ R*J*qK.:: :%~$ltq~:. ‘*fzi~ ~iikii$~fi: ?~~od$t.,<: ::!i;”pa*q~:

,,,;:,~,[,;;;:,:,:,,;,>;:,:- ...,.,:;.;, ~,.),.

Al 22,296 5,824 2,688 56 30,864 16>900 51,873

Bi 25,816 964 12 4 26,795 7,540 7,039

Ca 2,270 259 70 1 2,599 2,230 <2,982

cl 1,364 191 476 44 2,075 1,400 1,824

TIC as CO, 14,119 584 1,880 0 16,600 7,460 5,396

Cr 1,587 429 3,418 ‘ 62 5,497 606 6,312

F 14,148 1,381 1,065 13 16,607 1,750 10,266

Fe 19,700 541 121 0 20,362 11,500 3,396
Hg 24 0 1 0 26 12.8 nlr

K 411 112 392 34 949 406 nlr
La 183 0 0 0 183 0.0452 <1,495

Mn 205 41 9 0 255 28.3 <297

Na 1.60E+05 37,944 64,109 2,509 2.64E+05 1.17E+05 3.21E+05
Ni 118 13 24 0 156 168 nlr

NO, 18,607 1,496 3,637 405 24,145 19,700 14,166

NO, 1.70E+05 54,952 1.15E+05 8,475 3.48E+05 1.01E+05 4.94E+05
-- -- 58,1813 63,200 nh

Pb 356 75 19 2 452 187 <2,982

PO, 142,138 8,260 10,388 17 160,802 64;100 60,806

Si 10,614 335 62 1 11,012 3,460 2,435

so, 6,980 2,079 756 27 9,841 5,940 14,181

Sr 375 92 14 0 482 0 <297

TOC 932 171 579 0 1,681 1,160 1,361

h 7,574 1,125 85 0 8,783 28,100 <14,950

Zr 175 1 2 0 179 13.6 <297

Notes:

‘All dara are in kilograms

‘Agnew et al. (1997a)
‘Charge balance

D-33



HNF-SD-WM-ER-566 Rev. 1

D3.5 hSTIMATED RADIONUCLIDE mNTORY FOR TANK 24I-BX-I1O

The radionuclide inventory estimate for tank241-BX-110 uses sample results where available
but must rely primarily on HDW model predictions for the waste types assumed to be present
in the tank, since few radionuclide analyses of tank 241-BX-110 have been performed. The
1997 core samples from tank 241-BX-1 10 were analyzed for total alpha activity, but not for
individual radionuclides. Uranium was not detected in any of the 1997 core samples because
of the high detection limits associated with the KOH ftrsion ICP sample preparation technique.
The 1978 core sample was analyzed for uranium, plutonium, 137CS,and 89’wSr.Uranium,
13Tcsand ggf~srresults are available for other tanks containing the waste typeS predicted to be

in tank 241-BX-110. The concentrations of *37mBaand ‘Y are inferred assuming secular
equilibrium with 137csand ‘Sr. The concentrations of alpha emitting iSOtOpesis estimated by

normalization of HDW model isotopic distributions to agree with measured U, Po, and total
alpha results. The HDW model prediction in the best basis for estimating the inventories of all
other radionuclides.

. .

D3.5. 1 Radionuclide Inventory of lC Waste Layer

Available sample results for the lC waste layer include uranium, plutonium, 137CS,and 89’WSr
from the 1978 core sample event. The radionuclide concentrations were computed on a dry
weight basis. The concentrations were then adjusted for the mean water content and density of
core 198, segments 3 and 4. The inventoty of each radionuclide is then the product of the
volume of the waste layer and the adjusted radionuclide concentration. For 137CSand 89’WSr,
the starting point was the concentration of those radionuclides in the 1978 core sample. The
concentrations of ‘37mBaand ‘Y are inferred assuming secular equilibrium with 137CSand ‘Sr.
For uranium and plutonium, the isotopic distribution in the HDW model for the lC1 and 1C2
waste blend was normalized for the concentrations found in the 1978 core samples. The 1978
core sample water soluble plutonium result was not used in the radionuclide inventory
assessment. Plutonium is not expected to be appreciably water soluble in the 1C sludge
matrix. Only the water-insoluble plutonium result was used in the inventory calculation.
Table D3-10 shows the radionuclide inventory for these isotopes.

The alpha normalization factors for uranium and plutonium differed widely. The alpha
normalization factor for uranium is 0.112 to reduce HDW radionuclide concentrations to agree
with the mean sample result for lC waste in other tanks. The alpha normalization factor for
plutodum, on the other hand, is 3.16 to increase the HDW plutonium concentrations to the
4.43 pg/g dry weight concentration in the 1978 core sample result. Because the uranium and
plutonium alpha normalization factors differ by an order of magnitude, no further alpha
normalization was performed for other alpha-emitting isotopes in the lC layer.

D-34



HNF-SD-WM-ER-566 Rev. 1

,
w’ 11.4 7.02 6,625 Assume secular equilibrium with ‘Sr.

‘37mBa 67.3 41.6 39,218 Assume secular equilibrium with 137CS..

137f=s 71.1 44.0 41,456 1978 core samplez
232~ 6.81E-08 4.21E-08 3.97E-05 Uranium normalization=
233u 3.35E-09 2.07E-09 1.95E-06 Uranium normalization
234u 10.00404 10.0025 2.35 Uranium normalization
23Su 1.37E-04 8.45E-05 0.0797 Uranium norfnalizationz
236u 3.07E-05 1.90E-05 0.0179 “. lUranium normalization
238~ 0.00195 0.00121 11.14 Plutonium normalization
238u 0.00435 0.00269 12.53 Uranium normalization
23~ 0.268 0.166 156 Plutonium normalization
241Am 4.95E-04 3.06E-04 0.289 HDW model lC1/lC21’2
24% 0.025 0.015 14.3 HDW model lC1/lC21’2

24’PU 10.081 \o.050 47.5 Plutonium normalization
242cm II .40E-06 18.64E-07 18.15E-04 !HDW model 1C111C21’2

242PU 3.69E-07 2.28E-07 2. 15E-04 Plutonium normalization
243~ 13.47E-09 12.14E-09 12.02E-06 IHDW model 1c111c212

243Cm 12.86E-08 1.77E-08 1.67E-05 HDW model lC1/lC21’2
244cm 18.23E-08 15.08E-08 14.79E-05 IHDW model lcl/1c2”2

Notes:
lBlend of 38.6 percent IC 1 and 61.4 percent 1C2 defined waste (Agnew et al. 1997a)
‘Adjusted for density and water content of core 198, segments 3 and 4.
‘All radionuctides decayed (o January 1, 1994.
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D3.5.~ Radionuclide Inventory of BSltCk Waste Layer

Available sample results for the BS1tCkwaste layer include total alpha for the core 198
samples. Uranium, 137cs and sgl~sr results are available for other tanks containing the same

waste type. The 137csan; gsl~sr concentrations are obtained from other wastes containing

BSltCk as shown in Table D3-4. The concentrations of ljTmBaand ‘Y are inferred assuming

secular equilibrium with lsTcs and ‘Sr, Uranium, plutonium, americium, and curium isotoPes

are estimated by the alpha normalization of the uranium sample results for other tanks
containing BYSltCk and the total alpha results for core 198. The remainder of the
radionuclide concentrations are obtained from the HDW model composition for BSkCk. The
concentrations are then adjusted for the water content of core 198, segments 2, 3 upper half
and lower half, and 4. The inventory of each radionuclide then is the product of the volume of
the waste layer, the radionuclide concentration, and the density. Table D3-16 shows the
restilting BSltCk radionuclide inventory, for these isotopes. .

In Table D3-14, the HDW uranium isotopic distribution for BSltCk is nofialized to agree
with the average BSkCk uranium concentration in other tanks containing the same waste type,
as show in Table D3-4.

233u 10.00968 15.36E-09 15.53E-07 2.39E-09
234u 10.00625 10.00522 10.836 10.00233
235u 2.16E-06 2.34E-04 108.45 1.05E-04
236u 6.47E-05 4.85E-05 0.750 2:16E-05
238u 3.36E-07 0.00531 15,784.75 0.00237

!Total 115.894.79 !0.00482 I

Normalization factor 10.446
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The rehaining alpha isotopes are estimated by subtracting the total uranium activity in
Table D3-14 from the mean total alpha activity for core 198 in Table D3-2. The difference,
on a dry weight basis, is .0182 ,uCi/g. The HDW activity of plutonium, americium, and
curium isotopes in BSltCk is normalized in Table D3-15 to agree with this non-uranium net
alpha activity. Table D3- 16 shows the BSItCk radionuclide inventory.

Table D3-15. Normalization of Non-Uranium Alpha Contributors for Tank241-BX-110

Notes:.,
lAgnew et al. (1997a), converted to dg’ weight basis.
‘The adjusted concentration was calculated by ratio from HDW values.
‘From Table D3-14
‘Not an alpha eminer, The calculation was based on the HDW ratio of’% to l%.
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‘Sr 180.5 151.3 18,145 lAverage of other BSltCk tanks’

‘Y 180.5 151.3 18.145 lAssume secular equilibrium with ‘Sr. ”
I I I I .

‘37mBa 137.1 123.7 13.756 lAssume secular equilibrium with ‘37CS

‘37CS 139.2 125.0 13,970 lAverage of other BSltCk tanksl
232u 14.93E-08 13.14E-08 14.98E-06 h-Jranium normalization I
233u 2.39E-09 1.52E-09 2.42E-07 Uranium normalization
234u 0.00233 0.00148 0.236 Uranium normalization
235u 1.05E-04 6.66E-05 0.0106 Uranium normalization
236u 2. 16E-05 1.38E-05 0.00219 Uranium normalization
238% 9.OIE-05 5.74E-05 0.00912 Alpha normalization
238u 0.00237 0.00151 0.239 Uranium normalization
23~ 0.0165 0.0105 1.67 Alpha normalization

2% 0.00128 8.19E-04 0.130 Alpha normalization
241~ 3.15E-04 2. OIE-04 0.0319 Alpha normalization

24’Ptr 0.00189 1.21E-03 0.191 Alpha normalization

242Cm 4.73E-07 3.02E-07 4.79E-05 Alpha normalization

242PU 1.41E-08 8.97E-09 1.42E-06 Alpha normalization
243~ 2.20E-09 1.40E-09 2.22E-07 Alpha normalization
243cm 4.73E-07 3.02E-07 4.79E-05 Alpha normalization

2UCm 5.13E-08 3.27E-08 5. 19E-06 Alpha normalization

Notes:
lAdjusted for density of 1.83 g/cm3 and 38.3 percent moismre content to agree with physical properties of
core 198, segment 2, upper and lower half, segment8 3, amd4.

‘Radionuclides decayed to Jazzua3y1, 1994.
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D3.5.3’ Radionuclide Inventory of BYSltCk Layer

Available sample results for the BYSltCk waste layer include total alpha for the core 197
samples. Uranium, lsTcs and gqj~srresults are available for other tanks containing the same

13Tcs aid S9[~Srconcentrations are obtained from Table D3-4 for otherwaste type. The ,
wastes containing BSltCk. Uranium, plutonium, americium, and curium isotopes are
estimated by the alpha normalization of the uranium sample results for other tanks containing
BYSltCk and the total alpha results for core 197-1 in the same marmer as described in the
foregoing discussion concerning the BSltCk alpha-emitting isotope inventory. Because the
total alpha concentration was below detection limits for core 197, sections 2 and 2A, only the
core 197, section 1 total alpha result is used in the calculations. The remainder of the
radionuclide concentrations are obtained from the HDW model. The concentrations then are
adjusted for the water content of core 197, segments 1, 2, and 2A. The inventory of each
radionuclide is then the product of the volume of the waste layer, the radionuclide
concentration, and the density. Table D3-17 shows the resulting BYSltCk radionuclide -”
inventory.

‘Sr 130.04 19.1 5,280 HDW model BYSltCkl

‘Y 130.0 119.1 15.280 lAssume secular equilibrium with ‘Sr!

‘37mBa \lo9 169.4 119,200 Assume secular equilibrium with 137CS
137~s 1115 173.4 120.300 lAveraze of other BYSltCk tanks’
231pa 19.57E-06 16.llE-06 10.00169 HDW model 13YSltCk’ I
232Th 16.12E-05 13.91E-05 10.o1o8 IHDW model BYSltCkl 1.
1233u 10.00108 16.92E-04 10.191 lUranium normalization I

I’WJ !7.70E-05 !4.91E-05 10.0136 lUranium normalization I
p35u 12.83E-06 11.80E-0(5 14.98E-04 Uranium normalization
236u 12.53E-06 11.62E-06 14.47E-04 lUranium normalization
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Notes:
‘Adjusted for density of 1.83 g/cm3 and 38.3 percent moisrure content to agree with physical properties of
core 198, segment 2, upper and lower half, segments 3, and 4.

2Radionuctides decayed to January 1, 1994.

D3.5.4 Radionuclide Inventory of Supernatant Layer

The supematant comprises only 11 kL (3 kgal) and was not analyzed for radionuclides during
the 1995 auger and 1997 core sampling events. However, sample results are available from
the 1990 supematant sampling event (Weiss 1990). In Table D3-18, the radionuclide
concentrations reported in Appendix B are adjusted for radioactive decay to a common
January 1, 1994, basis of 124 pCi 137CSper mL and 0.0137 pCi ‘,% per mL. These
concentrations are multiplied by the 11 kL (3 kgal) supematant inventory in HanIon (1998) for
lsqcs and ~Sr inventories of 1,40zICi and 0.156 Ci, respectively. Daughter isotopes ‘Y and

137mBaare assumed to be in secular equilibrium with their parent isotopes.

D3.5.5 Sample-Based Radionuclide Estimate

A sample-based radionuclide estimate was prepared with the 1997 core sample results.
However, since only total alpha results were available, only alpha-emitting radionuclides could
be estimated. The alpha normalization results are shown in Table D3-18.
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D3.5.6’ Summation of Radionuclide Component Estimates

Table D3- 18 shows the summation of the individual layer-by-layer radionuclide component
estimates. For comparison, the HDW radionuclide inventory and sample-based radionuclide
estimates are shown as well. The component radionuclide inventory estimate generally
exceeds the HDW model inventory because of the higher density and lower water content
found during the core sample event and because the component inventory uses the HanIon
(1998) tank volume. The uranium and plutonium estimates exceed the HDW model by one or
more orders of magnitude, reflecting the results of the 1978 core sample event used to
characterize the lC layer. The sample-based estimate is far lower, reflecting the small amount
of alpha activity found during the 1997 core sample event.

Table D3-18. Estimated Radionuclide Inventory for Tank 241-BX-110.13
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T~ble D3-18~ Estimated Radionuclide Inventory for Tank 241-BX-1”10.1!3

Notes:
‘Radionuclides decayed to January 1, 1994.
‘Agnew et aI. (1997a)

D4.O DEFINE THE BEST-BASIS AND ESTABLISH
COMPONENT INVENTORIES

Information about chemical, radiological, and/or physical properties is used to perform safety
analyses, engineering evaluations, and risk assessment associated with waste management
activities, as well as regulatory issues. These activities include overseeing tank farm
operations and identifying, monitoring, and resolving safety issues associated with these
operations and with the tank wastes. Disposal activities involve designing equipment,
processes, and facilities for retrieving wastes and processing them into a form that is suitable
for long-term storage and disposal.

Chemical and radiological inventory information are generally derived using three approaches:
1) component inventories are estimated using results of sample analyses; 2) component
inventories are estimated using the HDW model based on process knowledge and historical
information; or 3) a tank-specific process estimate is made based on process flowsheets,
reactor fiel data, essential material usage, and other operating data.

An effort is underway to provide waste inventory estimates that will serve as the standard.,
characterization for the various waste management activities (Hodgson and LeClair 1996). As
part of this effort, an evaluation of chemical information for tank241-BX-110 was performed,
including the foIlowing.

● Analytical data for the 1997 push mode core samples (see Appendix B).

● Analytical data for the 1978 push mode core samples (see Appendix B).
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,
● Analytical and historical model data f~om five waste tanks (241-BX-107,

241-BX-112, 241-C-110, 241-T-104, and 241-T-107) that contain BiPO1process
lC solids. These tanks are expected to represent the BiPOdprocess lC waste
solids in tank241-BX-110 and are used as a basis for comparison with the 1978
and 1997 core sample data for the lC waste layer.

● Analytical data from three waste tanks (241-BY-105, 241-BY-106, and
241-BY-110) that contain BYSltCk waste. These tanks are expected to represent
the BYSltCk solids in tank241-BX-110 and are used as a basis for comparison
with the 1997 core sample data for the BYSltCk waste layer.

● Analytical and historical model data from four waste tanks (241-B-104,
241-B-106, 241-B-108, and 241-B-109) that contain BSltCk. These tanks are
expected to represent the BSltCk solids in tank 24I-B-107 and are used as a basis
for comparison with the 1997 core sample data for the BSltCk waste layer. -”

● An inventory estimate generated by the HDW model (Agnew et al. 1997a).

The results of this evaluation support using a combination of the analytical data from the 1978
and 1997 core samples from tank 24 I-BX- 110 and sample results from other waste tanks as the
primary basis for the best-estimate inventory for the tank for the following reasons.

. Sample data, if available, are gener~ly preferable to estimates from tanks with
similar wastes or from tiansfer models.

● The analytical concentrations of components in each of three””wastetypes now
estimated to be in the tank (1C, BYSltCk, and BSltCk) generally fall within the
ranges observed in other analyses and historical model estimates. However, the
sample results for core 198 have characteristics of all three of these waste types
and may not be representative of the tank as a whole.

● The results for core 197 are consistent with the BYSltCk layer predicted by the
TLM for the corresponding region of the tank.

9 The results for the 1978 core sample are consistent with the lC layer predicted by
the TLM for the corresponding region of the tank.

. The results for core 198 core are consistent with the BSltCk layer predicted to
reside between the lC and BYSltCk layers by examination of the waste transfer
history (Agnew et al. 1997b).

Once the best-basis inventories were determined, the hydroxide inventory was calculated by
performing a charge balance with the valences of other analytes. The charge balance approach
is consistent with that used by Agnew et al. (1997a).
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Mercur$ inventories for each tank recently have been calculated based on process history
(Simpson 1998). The estimate given for tank 241-BX-I1O is 49.7 kg of mercury.

Tables D4-1 and D4-2 show the best-basis inventory estimates for tank 241-BX-I 10. These
best-basis inventories are summations of the chemical and radionuclide inventories of the
individual lC, BSltCk, BYSltCk, and supematant waste types predicted to reside in
tank 241-BX-110 from examination of the waste transfer history (Agnew et al. 1997b). The
inventory estimates for some chemical components are based on the sample results. For other
chemicals, inventory results are partly or entirely based on engineering estimates derived from
the average concentration of components in similar tanks. Where no sampling or engineering
estimate exists, the HDW model compositions for similar waste types are used. Component
concentrations derived from engineering estimates and HDW model derived compositions are
adjusted for the density, moisture content, and waste volumes in tank 241-BX-110. Finally,
inventories for a small number of components are revised based on process knowledge.
Section D3.5 describes the derivation of the chemical inventory. The inventory values in “-
Tables D4-1 and D4-2 are subject to change without notice. Refer to the Tank
Characterization Database (LMHC 1998) for the most current inventory values.

Best-basis tank inventory values are derived for 46 key radionuclides (as defined in Section 3.1
of Kupfer et al. 1997). All radionuclides are reported on a common report date of January 1,
1994, to be consistent with the decay date used in the HDW model. Often, waste sample

137cS 239/2~, and total uranium (or total beta and tOtalanalyses have only reported ‘Sr, ,
alpha), while other key radionuclides such as ‘Co, ‘Tc, 1291,1S4EU,‘55Eu,and 241Arn,have
been infrequently reported. Therefore, it has been necessary to derive most of the 46 key
radionuclides by computer models. These models estimate radionuclide activity in batches of
reactor fuel, account for the split of radionuclides to various separations plant waste streams,
and track their movement with tank waste transactions. (These computer models are described
in Kupfer et al. 1997 and in Watrous and Wootan 1997.) Model-generated values for
radionuclides in any of 177 tanks are reported in Agnew et al. (1997a). The best-basis value
for any one analyte maybe either a model result or a sample or engineering assessment-based
result (if available). For a discussion of typical errors between model-derived values and
sample-derived values, see Kupfer et al. (1997). As few applicable radionuclide data from the
tank 241-BX-110 samples were available, the majority of the radionuclide estimates were
derived from reported data for similar tanks and the HDW model. Section D3.5 describes.,
derivation of the radionuclide inventory. Where no sampling or engineering estimate exists,
the HDW model radionuclide concentrations for similar waste types are used. Radionuclide
concentrations derived from engineering estimates are adjusted for the density, moisture
content, and waste volumes in tank 241-BX-110.
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Ca 2,600 IMIE

cl 2,080 \S/E

TIC as C03 16,600 IWE

Cr 15.500 lS/E

F 16,600 .VE

Fe 120.400 ]S/E . .

Hg 49.7 E Global reconciliation for,all tanks, Simpson
(1998)

K 949 SIE

La 1183 lSiE/M

Mn 1255 ISIEIM

Na 2.65E+05 SIE

Ni 156 S/EIM

NO, 24,100 S/E

NO, 3.48E+05 WE

OH,O,A, 58,200 c Charge balance

Pb 452 SIE

PO, 1.61E+05 WE

Si 11,000 ISIE

so, 9,840 SIE

Sr 482 SIE

TOC 1,680 SIE

u TOTAL 8,780 S/E

Zr 179 WE

Note:
‘S = sample-based, M = HDW model-based, E = engineering assessment-based, and C = calculated by
charge balance; includes oxides as “hydroxide” not including COl, NOZ,N03, PO,, SO,, and SiO,. In all
cases, the analytical data and model results were adjusted for the moisture content and density found in the
corresponding region of tank241-BX-110 during the 1997 core sampling event.
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Table’D4-2. Best-Basis Inventory Estimate for Radioactive Components in Tank 241-B-110

3H 21.1 M
14c 5.47 M
sgNi 0.596 M

‘co 5.07 M
63Ni 59.0 M
79se 0.468 M

‘W3r 20,100 SIE Method varies according to layer (Section D3.5)

‘Y 20,100 SIE Referenced to ‘Sr . .

‘mNb 1.64 M

‘Zr 2.26 M

‘Tc 30.6 M
1C6RU 0.00101 M

I“’mCd 111.8 I I
I’ESb 122.7 h4 I I
126sn 10.700 IM

‘2’2 10.0592 IM

Pcs 10.247 I I
‘37mBa 63,500 S/E Referenced to 137CS

137cs I67.1OO ISIE
IslcJm 11,620 IM
152EU 10.733 IM
154J7U 85.7 IM

1S5EU 144.7 IM

l’2’Ra 12.57E-05 I I
227*C 13.28E-04 IM

I I

t

229-t-.~ 10.00624 IM I I
231pa 10.00163 IM I I
232T~ 10.00998 IM J
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Table’D4-2. Best-Basis Inventory Estimate for Radioactive Components in Tank 241-B-110

234~ 2.60 S/E/M Based on uranium total; uses HDW isotopic
ratios.

23SU 0.0908 S/EIM Based on uranium total; uses HDW isotopic
ratios.

236u 0.0205 S/E/M Based on uranium total; uses HDW isotopic -”
ratios.

237NP 0.104 M
238~ 1.58 S/E/M Method varied by layer. See Section D3 .5.
23SU 2.78 SIEIM Based on uranium total; uses HDW isotopic

ratios.
23% 158 SIEIM Method varied by layer. See Section D3.5.

2% 14.5 S/E/M Method varied by layer. See Section D3.5.

‘“Am 0.482 SIEIM Method varied by layer. See Section D3.5.

24’PU 48.3 S/E/M Method varied by layer. See Section D3.5.
242~m \8.65E-04 \StEiM Method varied by layer. See Section D3.5.

1242Pu 12.20E-04 ISIEIM lMethod varied by layer. See Section D3.5. I

243A3U17.81E-06 S/E/M Method varied by layer. See Section D3.5.

1243Cm 16.51E-05 ISIEIM lMethod varied by layer. See Section D3.5. I
244~m 5.38E-05 SIEIM Method varied by layer. See Section D3.5.

i’J0te8:

lAI1data adjusted for density and water content found during 1998 core sampling event.
‘S = sample-based, M = HDW model-based, and E = engineering a8se8sment-based.
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I APPEND~ E

BIBLIOGRAPHY FOR TANK 241-BX-11O

Appendix E provides a bibliography of information that supports the characterization of
tank 241-BX-I 10. This bibliography represents an in-depth literature search of all known
information sources that provide sampling, analysis, surveillance, and modeling information,
as well as processing occurrences associated with tank 241-BX-110 and its respective
waste types.

The references in this bibliography are separated into three broad categories containing
references broken down into subgroups. These categories and their subgroups are
listed below.

L NON-ANALYTICAL DATA

Ia. Models/Waste Type Inventories/Campaign Information
Ib. Fill History/Waste Transfer Records
Ic. Surveillance/Tank Configuration
Id. Sample Planning/Tank Prioritization,
Ie. Data Quality Objectives/Customers of Characterization Data

II. ANALYTICAL DATA - SAMPLING OF TANK WASTE AND WASTE TYPES

Ha. Sampling of Tank 241-BX-I 10
IIb. Sampling of lC Waste Type
IIc. Sampling of BY Saltcake Waste Type

III. COMBINED ANALYTICAL/NON-ANALYTICAL DATA

IIIa. Inventories Using Both Campaign and Analytical Information
IIIb. Compendium of Existing Physical and Chemical Documented Data Sources

This bibliography is broken down into the appropriate sections of material, with an annotation
at the end of each reference, or set of references, describing the information source. Where
possible, a reference is provided for information sources. A majority of the information listed
below may be found in the Lockheed Martin Hanford Corp. Tank Characterization and Safety
Resource Center.
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I. NON-ANALYTICAL DATA

Ia. Models/Waste Type Inventories/Campaign Information

Anderson, J. D., 1990, AHistory of the200Area Tank Farms, WHC-MR-0132,
Westinghouse Hanford Company, Richland, Washington.

● Contains single-shell tank fill history and primary campaign and waste type
information to 1981.

Borsheim, G. L., and B. C. Simpson, 1991, An Assessment of the Inventoriesoj
the Ferrocyanide Watchlist Tanks, WHC-SD-WM-ER-133, Rev. O,
Westinghouse Hanford Company, Richland, Washington.

● Contains estfiations of Fe(CN)cA, 137Cs,andwSr for various
. .

ferrocyanide-containing tanks.

Jungfleisch, F. M., and B.C. Simpson, 1993, Preliminary Estimation
of the Waste Inventories in Hanford Tanks Through 1980,
WHC-SD-WM-TI-057, Rev. OA, Westinghouse Hanford Company,
Rlchland, Washington.

● Describes amodelfor estimating tafiwaste inventories using process
knowledge; radioactive decay estimates using ORIGEN; and assumptions
about waste types, volubility, and constraints.

Schneider, K. J., 1951, Flowsheets and Flow Diagrams of Precipitation
Separations Process, HW-23043, Hanford Atomic Products Operation,
Rlchland, Washington.

● Contains compositions of process stream waste before transfer to 200 Area
waste tanks.

SIoat, R. J., 1954, TBP Plant Nickel Ferrocyanide Scavenging Flowsheet,
HW-30399, General Electric Company, Richland, Washington.

● Contains compositions of process stream waste before transfer to 200 Area
waste tanks.
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lb. Fill Hktory/Waste Transfer Records

Agnew, S. F., P. Baca, R. A. Corbin, T. B. Duran, and K. A. Jurgensen, 1997,
Waste Status and Transaction Record Summary, WSTRSRev. 4,
LA-UR-97-3 11, Rev. O, Los Alamos National Laboratory,
Los Alamos, New Mexico.

● Contains spreadsheets depicting all,known tank additions and transfers.

Anderson, J. D., 1990, A History of the 200 Area Tank Farms, WHC-MR-0132,
Westinghouse Hanford Company, Rlchland, Washington.

● Contains tank fill histories and primary campaign and waste type
information to 1981.

Ic. Surveillance/Tank Configuration

AMad, A. T., 1993, Riser Configuration Document for Single-Shell Waste Tanks,
WHC-SD-WM-TI-553, Rev. O, Westinghouse Hanford Company,
Rlchland, Washington.

● Shows riser location in relation to tank aerial view and describes each riser
and its contents.

Lipnickl, J., 1997, Waste Tank Risers Available for Sampling,
WHC-SD-WM-TI-71O, Rev. 4, Westinghouse Hanford Company,
Rlchland, Washington.

● Assesses riser locations for each tank; not all tanks are included or
completed. Also includes an estimate of the risers available for sampling.

Tran, T. T., 1993, Thermocouple Status Single-Shell& Double-Shell Waste
Tanks, WHC-SD-WM-TI-553, Rev. O, Westinghouse Hanford Company,
Richland, Washington.

● Provides thermocouple location and status information for double- and
single-shell tanks.

Welty, R. K., 1988, Waste Storage Tank Status and Leak Detection Criteria,
WHC-SD-WM-TI-356, Rev. O, Westinghouse Hanford Company,
R1chland, Washington.

● Provides leak detection information for all single- and double-shell tanks.
Liquid level, liquid observation well, and d~well readings are included.
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rd. Sample Planning/Tank prioritization

Baldwin, J. H., 1996, Tank 241-BX-110 Rotary Mode Core Sampling and Analysis
Plan, WHC-SD-WM-TSAP-l 12, Rev. O, Westinghouse Hanford Company,
Rlchland, Washington.

● Contains detailed sampling and analysis scheme for auger samples to be
taken from tank 241-BX-110 to address applicable DQOS.

Brown, T. M., J. W. Hunt, and L. J. Fergestrom, 1997, Tank Waste
Characterization Basis, WHC-SD-WM-TA-164, Rev. 3, Westinghouse
Hanford Company, Richland, Washington.

● Establishes an approach to determine the priority for tank sampling and
characterization and identifies high priority tanks for sampling.

Ecology, EPA, and DOE, 1996, Hanford Federal Facility Agreement and Consent
Order, as amended, Washington State Department of Ecology,
U.S. Environmental Protection Agency, and U.S. Department of Energy,
Olympia, Washington.

● Contains agreement between the U.S. Environmental Protection Agency,
U.S. Department of Energy, and Washington State Department of Ecology
that sets milestones for completing work on the Hanford Site tank farms.

Grimes, G. W., 1977, Hanford Long-Term Defense High-Level Waste
Management Program Waste Sampling and Characterization Plan,
RHO-CD-137, Rockwell Hanford Operations, Richland, Washington.

● Early characterization planning document.

Homi, C. S., 1996, Tank 241-BX-I1O Tank Characterization Plan,
WHC-SD-WM-TP-382, Rev. 2, Westinghouse Hanford Company,
Richland, Washington.

● Contains tank characterization plan for identifying information needed to
address relevant issues concerning short-term safe storage and long-term
management of single-shell tank 241-BX-110.

Homi, C. S., 1996, Vapor Sampling and Analysis Plan, WHC-SD-WM-TP-335,
Rev. lG, Westinghouse Hanford Company, Rlchland, Washington.

● Vapor sampling and analysis procedure for 200 Area tanks.
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, Mulkey, C. H., 1996, Single-Shell Tank System Waste Analysis Plan,
WHC-EP-0356, Rev. 1, Westinghouse Hanford Company,
Richland, Washington.

● Waste analysis plan for single-shell tanks required by WAC-173-303 and 40
CFR Part 265.

public Law 101-510, 1990, “Safety Measures for Waste Tanks at Hanford
Nuclear Reservation, ” Section 3137 of National Defense Authorization Act
for Fiscal Year 1991. t

● Creates the Safety Watch List for the Hanford Site tank farms.

Schreiber, R. D., 1995, Tank 241-BX-110 Auger Sampling and Analysis Plan,
WHC-SD-WM-TSAP-038, Rev. O, Westinghouse Hanford Company, -”
Rlchland, Washington.

● Contains detailed sampling and analysis scheme for auger samples to be
taken from tank 241-BX-110 to address applicable DQOS.

Schreiber, R. D., 1997, Tank 241-BX-110 Core Sampling and Analysis Plan,
WHC-SD-WM-TSAP-1 12, Rev. 1A, Lockheed Martin Hanford Corp. for
Fluor Daniel Hanford, Inc., Rlchland, Washington.

● Contains detailed sampling and analysis scheme for auger samples to be
taken from tank 241-BX-110 to address applicable DQOS.

Stanton, G. A., 1998, Baseline Sampling Schedule, Change 98-01, (internal
memorandum 79520-98-001 to Distribution, February 5), Lockheed Martin
Hanford Corp. for Fluor Daniel Hanford, Inc., Ricfrland, Washington.

● Provides tank waste sampling schedule through fiscal year 2002 and lists
samples taken since 1994.

Winkelman, W. D., M. R. Adams, T. M. Brown, J. W. Hunt, D. J. McCain,
and L. J. Fergestrom, 1997, Fiscal Year 1997-1998 Waste Information
Requirements Document, HNF-SD-WM-PLN-126, Rev. OA, Lockheed
Martin Hanford Corp. for Fluor Daniel Hanford, Inc., Rlchland,
Washington.
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ta Contains requirements from the ,Hanford Federal Facility Agreement and
Consent Order, Recommendation 93-5 Implementation Plan, and other
requirement sources that are combined with managerial and operational
constraints to summarize the TWRS characterization program deliverables
for fiscal years 1997 and 1998.

Ie. Data Quality Objectives/Customers of Characterization Data

Bloom, G. R., and Q. H. Nguyen, 1995, Characterization Data Needs for
Development, Design, and Operation of Retrieval Equipment Developed
Through the Data Qualiy Objective Process, WHC-SD-WM-DQO-O08,
Rev. O, Westinghouse Hanford Company, Rlchland, Washington.

● Defines retrieval equipment needs of waste physical property data on various
tanks.

. .

Cash, R. J., 1996, Scope Increase of “Data Quality Objective io Suppon
Resolution of the Organic Complexant Safety Issue” Rev. 2, (internal
memorandum 79300-96-029, to S. J. Eberlein, July 12), Westinghouse
Hanford Company, Richland, Washington.

● Identifies organic solvent test needed for all single-shell tanks.

Dukelow, G. T., J. W. Hunt, H. Babad, and J: E. Meacharn, 1995, Tank Safety
Screening Data Qualiry Objective, WHC-SD-WM-SP-O04, Rev. 2,
WestinghouseHanford Company, Rlchland, Washington.

● Used to determine if tanks are under safe operating conditions.

Kupfer, M. J., 1995, Strategyfor Sampling Hanford Site Tank Wastesfor
Development of Disposal Technology, WHC-SD-WM-TA-154, Rev. 1,
Westinghouse Hanford Company, Rlchland, Washington.

. Contains sample strategy to meet pretreatment and disposal data needs and
list of tanks to be evaluated.

Meacham, J. E., R. J. Cash, B. A. Pulsipher, and G. Chen, 1995, Data
Requirements for the Ferrocyanide Safety Issue Developed through the Data
Quality Objectives Process, WHC-SD-WM-DQO-O07, Rev. 1,
Westinghouse Hanford Company, Rlchland, Washington.

● Contains ferrocyanide program data needs, list of tanks to be evahrated,

decision thresholds, and decision logic flow diagram.
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Meacham, J. E., D. L. Banning, M. R. Allen, and L. D. Muhlestein, 1997, Dara
Quality Objective to Support Resolution of the Organic Solvent Safety Issue,
HNF-SD-WM-DQO-026, Rev. O, Lockheed Martin Hanford Corp. for
Fluor Daniel Hanford, Inc., Richland, Washington.

● Contains organic solvent program data needs, decision thresholds, and
decision logic flow diagram.

Meacham, J. E., A. B. Webb, N. W. Kirch, J. A. Lechelt, D.A. Reynolds,
G. S. Barney, D. M. Camaioni, F. Gao, R. T. Hallen, and P. G. Heasler,
1997, Organic Complexant Topical Repoti, HNF-SD-WM-CN-058, Rev. 1,
Lockheed Martin Hanford Corp. for Fluor Daniel Hanford, Inc.,
Rlchland, Washington.

● Contains sample analysis results to support organic complexant issue
resolution.

Mulkey, L. M., and M. S. Miller, 1997, Data Quality Objectives for Tank Farms
Waste Compatibility Program, WHC-SD-WM-DQO-OO1, Rev. 2, Lockheed
Martin Hanford Corp. for Fluor Daniel Hanford, Inc.,
Rlchland, Washington.

● Contains requirements for addressing compatibility issues usually associated
with waste transfers.

Osborne, J. W., J. L. Huckaby, E. R. Hewitt, C. M. Anderson, D. D. Mahlum,
B.A. Pulsipher, and J. Y. Young, 1995, Data Quality Objectivesfor
Generic In -Tank Health and Safety Vapor Issue Resolution,
WHC-SD-WM-DQO-O02, Rev. 1, Westinghouse Hanford Company,
Richland, Washington.

● Used to determine if tank headspaces contain potentially hazardous gases
and vapors.

Schreiber, R. D., 1997, Memorandum of Understandingfor the Organic
Complexant Safety Issue Data Requirements, HNF-SD-WM-RD-060,
Rev. O, Lockheed Martin Hanford Corp. for Fluor Daniel Hanford, Inc.,
Rlchland, Washington.

● Contains organic program data needs, list of tanks to be evaluated, decision
thresholds, and decision logic flow diagram.
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t Sutey, M. J., 1993, Waste Compatibility Assessment of Tank 241-AN-101 With
Tanks 241-BX-110 and 241-BX-111, (internal letter 7C242-93-029 to
S. D. Godfrey, August 3), Westinghouse Hanford Company,
Rlchland, Washington.

● Uses sample analysis results for tank waste compatibility assessment.

Turner, D. A., H. Babad, L. L. Buckley, and J. E. Meacham, 1995, Data
Quality Objective to Suppoti Resolution of the Organic Complexant Safety
Issue, WHC-SD-WM-DQO-006, Rev. 2,WestinghouseHanford Company,
Rlchland,Washington.

● Used to categorize organic tanks as “safe,” “conditionally safe, ” or “unsafe”
based on fuel and moisture concentrations and to support resolution of the
safety issue.

. .

II. ANALYTICAL DATA - SAMPLING OF TANK WASTE AND WASTE TYPES

IIa. Sampling of tank 241-BX-11O

ARHCO, 1976,Analyses of Tank Farm Sample, Sample No. T4433, Tank: I1OBX,
Received: 4/19/76, (internal letter, Supervisor of Analytical Services to
J. C. Womack, September 17), Atlantic Richfield Hanford Company
Operations, Richland, Washington.

● Contains historical sample analysis results.

Bratzel, D. R., 1980, Evaluation of Waste Storage Tank Physical and Chemical
Characterization Data, (internal letter 65453-80-265 to F. M. Jungfleisch,
September 18), Rockwell Hanford Operations, Richland, Washington.

● Contains historical sample analysis results

Buckingham, J. S., 1975, Analyses of Tank Farm Liquid Samples, (internal letter
to W. P. Metz, May 20), Atlantic Richfield Hanford Company,
Rlchland, Washington.

● Contains historical sample analysis results.
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t Caprio, G. S., 1997, Vapor and Gas Sampling of Single-Shell Tank 241-BX-I1O
Using the In-Situ Vapor Sampling System, HNF-SD-WM-RPT-236, Rev. O,
SGN Eurisys Services Company, Rlchland, Washington.

● Contains sample analysis results from the April 1996 vapor sampling event.

Evans, J. C., K. H. Pool, B. L. Thomas, K. B. Olsen, J. S. Fruchter, and
K. L. Silvers, 1997, Headspace Vapor Characterization of Hanford Waste
Tank 241-BX-I1O: Results@om Samples Collected on 4/30/96,
PNNL-1 1256, Pacific Northwest National Laboratory,
Rlchland, Washington.

● Contains sample analysis results from April 1996 vapor sample event.

Hardy, D. B., 1998, 45-Day Safety Screening Results and Final Repoti for -”
Tank 241-BX-110, Auger Samples 95-AUG-045 and 95-AUG-046,
WHC-SD-WM-DP-155, Rev. OA, Westinghouse Hanfoid Company,
Rlchland, Washington.

● Contains sample analysis results from October 1995 auger sample events.

Horton, J. E., 1979, Physical and Chemical Characterization of Core Segment #3,
Tank IIOBX, (internal letter 60120-79-024 to D. J. Flesher, February 14), -
Rockwell Hanford Operations, Rlchland, Washington.

9 Contains historical sample analysis results from November 1978 core sample
event.

Huckaby, J. L., and D. S. Sklarew, 1997, Screeningfor Organic Solvents in
Hanford Waste Tanks Using Organic Vapor Concentrations, PNNL-I 1698,
Pacific Northwest National Laboratory, Richland, Washington.

● Contains estimates of organic solvent pool area based on organic vapor
sample data.

.,

Jungfleisch, F. M., 1980, Hanford High-Level Defense Waste Characterization -
A Status Repofl, RHO-CD- 1O19,Rockwell Hanford Operations,
Rlchland, Washington.

● Contains historical sample analysis results.
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Hb.

.,

Klein, M. J., 1991, Vapor Space Sampling Criteriafor Single-Shell Tanks
Containing Ferrocyanide Waste, WHC-EP-0424, Rev. O, Westinghouse
Hanford’Company, R1chland, Washington.

● Contains summary of analytical TOC concentration for tanks containing
ferrocyanide.

Nuzum, J. L., 1998, Tank 241-BX-110, Cores 197 and 198 Analytical Resuks for
the Final Repoti, HNF-SD-WM-DP-256, Rev. OA, Waste Management
Federal Services of Hanford, Inc., Richland, Washington.

● ✌ Contains sample analysis results from May 1997 core sample event.
Starr, J. L., and M. J. Kupfer, 1979, Sludge Washing Experiments on $vrthetic

and Actual BiPOi Process Sludges, (internal letter 65124-79-161 to
K. M. Hodgson, October 4), Rockwell Hanford Operations,

. .

Richland, Washington.

● Contains results of sludge washing tests and chemical analyses for 1C waste.

Wegener, D. L., 1990, HEHF Evaluation of Vapor Space in B/BX Tank Farms,
(internal letter 86123-90-DLW-204 to J. L Abrens, R. R. Auld,
D. J. Bishop, D. O. Dobson, B. L. Hall, G. N. Hanson, D. C. Hartley,
W. L. Morris, J. E. Perham, C. M. Wirrkler, and R. L. Wright,
September 4), Westinghouse Hanford Company, Richland, Washington.

● Contains historical vapor sample analysis results. “

Weiss, R. L., 1990, (DSI to V. C. Boyles, March 16), Westinghouse Hanford
Company, Rlchland, Washington.

● Contains hktorical vapor sample analysis results.

Sampling of lC Waste Type

Bell, K. E., 1997,Tank Characterization Reportfor Single-Shell Tank 24I-U-I1O,
HNF-SD-WM-ER-551, Rev. 1A, Lockheed Martin Hanford Corp. for Fluor
Daniel Hanford, Inc., Rlchland, Washington.

● Contains information about lC waste type.

E-12



HNF-SD-WM-ER-566 Rev. 1

,
Bell, K. E., and R. T. Winward, 1997, Tank Characterization Repoa for

Single-Shell Tank 241-BX-109, HNF-SD-WM-ER-572, Rev. OB, Lockheed
Martin Hanford Corp. for Fluor Daniel Hanford, Inc., Richland,
Washington.

● Contains information about lC waste type.

Conner, J. M., 1998, Tank Characterization Report for Single-Shell
Tank 241-B-107, HNF-SD-WM-ER-723, Rev. 1, Lockheed Martin Hanford
Corp. for Fluor Daniel Hanford, Inc., Rlchland, Washington.

● Contains information about lC waste type.

Kupfer, M. J., and R. T. Winward, 1997, Tank Characterization RepoI?for
Single-Shell Tank 241-BX-112, HNF-SD-WM-ER-602, Rev. OA, Lockheed
Martin Hanford Corp. for Fluor Daniel Hanford, Inc., Richland,
Washington.

● Contains information about 1C waste type.

Place, D. E., 1997, Tank Characterization Report for Single-Shell
Tank 241-BX-108, HNF-SD-WM-ER-407, Rev. OC, Lockheed Martin
Hanford Corp. for Fluor Daniel Hanford, Inc., Rlchland, Washlngtort

● Contains information about IC waste type.

Sasaki, L. M., 1997, Tank Characterization Repoti for Single-Shell
Tank 241-T-104, HNF-SD-WM-ER-372, Rev. 1A, Lockheed Martin
Hanford Corp. for Fluor Daniel Hanford, Inc., Rlchland, Washington

● Contains information about lC waste type.

Sasaki, L. M., 1997, Tank Characterization Repo~ for Single-Shell
Tank 241-T-107, HNF-SD-WM-ER-382, Rev. 1A, Lockheed Martin..
Hanford Corp. for Fluor Daniel Hanford, Inc., Rlchland, Washington.

● Contains information about lC waste type.

Starr, J. L., and M. J. Kupfer, 1979, Sludge Washing Expen”mentson Synthetic
and Actual BiPOd Process Sludges, (internal letter 65124-79-161 to
K. M. Hodgson, October 4), Rockwell Hanford Operations,
Richland, Washington.

● Contains results of sludge washing tests and chemical analyses for lC waste.
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Winkelman, W. D., 1997, Tank Cha~acterizationReport for Single-Shell
Tank 241-BX-107, HNF-SD-WM-ER-539, Rev. 1A, Lockheed Martin
Hanford Corp. for Fluor Daniel Hanford, Inc., Rlchland, Washington.

● Contains information about IC waste type.

IIc. Sampling of BY Saltcake Waste Type

Anantatmrda, R. P., 1998, Tank Characterization Report for Single-Shell
Tank 241-BX-111, WHC-SD-WM-ER-653, Rev. 1, Lockheed Martin
Hanford Corp. for Fluor Daniel Hanford, Inc., Richland, Washington.

9 Contains information about BY saltcake. . .

Baldwin, J. H., 1997, Tank Characterization Repoti for Single-Shell
Tank 241-BY-112, HNF-SD-WM-ER-701, Rev. O, Lockheed Martin
Hanford Corp. for Fluor Daniel Hanford, Inc., Rlchland, Washington.

● Contains information about BY saltcake.

Buckingham, J. S., 1972, ExotherrrricReactions in ITS Feed Solutions, (internal
memorandum to D. J. LarkIn, on March 17), Atlantic Richfield Hanford
Company, Rlchland, Washington.

● Contains differential thermal analysis results and gas chromatography results
for ITS feed.

Jo, J., 1997, Tank Characterization Repon for Single-Shell Tank 241-BY-III,
HNF-SD-WM-ER-687, Rev. OA, Lockheed Martin Hanford Corp. for Fluor
Daniel Hanford, Inc., Rlchland, Washington.

● Contains information about BY saltcrrke.

McCain, D. J., 1997, Tank Characterization Repoti for Single-Shell
Tank 241-BY-107, HNF-SD-WM-ER-637, Rev. OA, Lockheed Martin
Hanford Corp. for Fluor Daniel Hanford, Inc., Rlchland, Washington. .

● Contains information about BY saltcake.
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,
Met-z,W. P., 1972,Nitric Acid Neutr@ization and Concentration of ITS Feed,

(internal memorandum to J. S. Buckingham, on June 2), Atlantic Richfield
Hanford Company, Rlchland, Washington.

● Contains a general chemical analysis of ITS feed.

Winward, R. T., and M. J. Kupfer, 1997, Tank Characterization Reporl for
Single-Shell Tank 241-BY-104, WHC-SD-WM-ER-608, Rev. OA, Lockheed
Martin Hanford Corp. for Fluor Daniel Hanford, Inc., Rlchland,
Washington.

● Contains information about BY saltcake.

Winward, R. T., and M. J. Kupfer, 1997, Tank Charactenzalion Repoti for
Single-Shell Tank 24I-BY-105, WHC-SD-WM-ER-598, Rev. OA, Lockheed
Martin Hanford Corp. for Fluor Daniel Hanford, Inc., Rlchland,
Washington.

● Contains information about BY saltcake.

Winward, R. T., and M. J. Kupfer, 1997, Tank Characterization Report for
Single-Shell Tank 241-BY-106. WHC-SD-WM-ER-616, Rev. OA, Lockheed
Martin Hanford Corp. for Fluor Daniel Hanford, Inc., Richland,
Washington.

● Contains information about BY saltcake.

Winward, R. T., and M. J. Kupfer, 1997, Tank Characterization Repoti for
Single-Shell Tank 241-BY-I1O, WHC-SD-WM-ER-591, Rev. OA, Lockheed
Martin Hanford Corp. for Fluor Daniel Hanford, Inc., Rlchland,
Washingt~n.

● Contains information about BY saltcake.

..

III. COMBINED ANALYTICAL/NON-ANALYTICAL DATA

IIIa. Inventories Using both Campaign and Analytical Information

Agnew, S. F., R. A. Corbin, J. Boyer, T. B. Duran, K. A. Jurgensen,
T. P. Ortiz, B. L. Young, R. Anema, and C. Ungerecht, 1996, History
of Organic Carbon in Hanford HLW Tanks: HD W Model Rev. 3,
LA-UR-96-989, Los Alamos National Laboratory,
Los Alamos, New Mexico.

E-15



HNF-SD-WM-ER-566 Rev. 1

● Attempts to account for the disposition of soluble organics and provides
estimates of TOC content for each tank.

Agnew, S. F., J. Boyer, R. A. Corbin, T. B. Duran, J. R. Fitzpatrick,
K. A. Jurgensen, T. P. Ortiz, and B. L. Young, 1997, Hanford Tank
Chemical and Radionuclide Inventories: HDW Rev. 4, LA-UR-96-3860,
Rev. O, Los Alamos National Laboratory, Los Alamos, New Mexico.

● Contains waste type summaries; primary chemical compound/analyte and
radionuclide estimates for sludge, supematant, and solids; and SMM, TLM,
and individual tank inventory estimates.

Allen, G. K., 1976, Estimated Invento~ of Chemicals Added to Underground
Waste Tanks, 1944-1975, ARH-CD-601B, Rev. O, Atlantic Richfield
Hanford Company, Richland, Washington. .

● Contains major components for waste types and some assumptions.
Purchase records are used to estimate chemical inventories.

Brevick, C. H., J. L.. Stroup, and J. W. Funk, 1997, Historical Tank Content
Estimate for the Northeast Quadrant of the Hanford 200 East Area,
WHC-SD-WM-ER-349, Rev. 1, Fluor Daniel Northwest Inc.,
Richland, Washington.

● Contains summary information for tanks in A, AX, B, BX, BY, and C Tank
Farms as well as in-tank photograph collages and inventory estimates.

Geier, R. G., 1976, Estimated Hanford Liquid Wastes Chemical Inventov as of
June 30, 1976, ARH-CD-768, Atlantic Richfield Hanford Company,
Richland, Washington.

● Contains major components for waste types and various tanks and some
assumptions.

Klein, M. J., 1988, Invento~ of Chemicals Used at Hanford Production Plants
and Suppoti Operations (1944 - 1980), WHC-EP-0172, Westinghouse
Hanford Company, Richland, Washington.

● Provides a list of chemicals used in production facilities and support
operations that sent wastes to the single-shell tanks. Lkt is based on
chemical process fiowsheets, essential materials consumption records,
letters, reports, and other historical data.

E-16



HNF-SD-WM-ER-566 Rev. 1

,
Klein, 1990,Total Organic Carbon Concentration of Single Shell Tank. Waste,

(internal letter 82316-90-032 to R. E. Raymond, April 27), Westinghouse
Hanford Company, Rlchland, Washington.

● Contains an estimate of TOC for various tanks based on sample analysis
results.

Kupfer, M. J. and R. T. Winward, 1997, Tank Characterization Repo~for
Single-Shell Tank 24I-BX-I1O, HNF-SD-WM-ER-566, Rev. OA, Lockheed
Martin Hanford Corp. for.Fluor Daniel Hanford, Inc., Richland,
Washington.

● Contains inventory estimate derived from model and sampling results.
Kupfer, M. J., A. L. Boldt, and M. D. LeClair, 1997, Standard Inventories of

Chemicals and Radionuclides in Hanford Site Tank Wastes,
. .

HNF-SD-WM-T1-740, Rev. OA, Lockheed Martin Hanford Corp. for Fluor
Daniel Hanford, Inc., Rlchland, Washington.

. Contains a global component inventory for major constinrents in the 200
Area waste tanks.

Schmhtroth, F. A., 1995, Inventories for Low-Level Tank Waste,
WHC-SD-WM-RPT-164, Rev. O, Westinghouse Hanford Company,
Richland, Washington.

● Contains a global inventory based on process knowledge and radioactive
decay estimations using 0RIGEN2. Plutonium and uranium waste
contributions are taken at 1 percent of the amount used in processes. Also
compares information on ‘Tc from both 0RIGEN2 and analytical data.

IIIb. Compendium of Existing Physical and Chemical Documented Data Sources

Agnew, S. F., and J. G. Wattdn, 1994, Estimation of Limiting Solubilities for
Ionic Species in Hanford Waste Tank Supernates, LA-UR-94-3590,
Los Alamos National Laboratory, Los Alamos, New Mexico.

● Gives sohrbility ranges used for key chemical and radionuclide components
based on supematant sample analyses.
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,
Brevick, C. H., L. A. Gaddis, and E., D. Johnson, 1996, Tank Waste Source

Term Invento?y Validation, Vol I, H, and III, WHC-SD-WM-ER-400,
Rev. OA, Westinghouse Hanford Company, Richland, Washington.

● Contains a quick reference to sampling’information in spreadsheet or
graphical form for 24 chemicals and 11 radionuclides for all the tanks.

Brevick, C. H., J. L. Stroup, and J. W. Funk, 1997, Supporting Document
for the Northeast Quadrant Historical Tank Content Estimate Repoti
for BX Tank Farm,WHC-SD-WM-ER-311, Rev. 1, Fluor Daniel
Northwest, Inc., Rlchland, Washhrgton.

● Contains summary information for tanks in the BX Tank Farm and detailed
information includlng tank waste level history, tank temperature history,
cascade and drywell charts, riser information, in-tank photograph collagesj”
and tank layer model bar chart and spreadsheet.

De Lorenzo, D. S., A. T. DiCenso, D. B. Hiller, K. W. Johnson,
J. H. Rutherford, D. J. Smith, and B. C. Simpson, 1994, Tank
Characterization Reference Guide, WHC-SD-WM-T1-648, Rev. O,
Westinghouse Hanford Company, Rlchland, Washington.

● Summarizes issues surrounding characterization of nuclear wastes stored in
Hanford Site waste tanks.

HanIon, B. M., 1998, Waste Tank Summmy Report for Month Ending
May 31, 1997, HNF-EP-0182-122, Lockheed Martin Hanford Corp. for
Fluor Daniel Hanford, Inc., Richland, Washh@on.

● Contains a summary of tank waste volumes, Watch Lkt tanks, occurrences,
tank integrity information, equipment readings, tank location, leak volumes,
and other miscellaneous tank information. Document is updated monthly.

Hewitt, E. R., 1996,Tank Waste Remediation System Resolution of Potentially
Hazardous Vapor Issues, WHC-SD-TWR-RPT-OO1, Rev. O, Westinghouse
Hanford Company, Rlchland, Washington.

● Resolves industrial hygiene hazardous vapor concern for Hanford 200 Area
tanks.

Hill, J. G., G. S. Anderson, and B. C. Simpson, 1995, The Sort on Radioactive
Waste Type Model: A Method to Sort Single-Shell Tanks into Characteristic
Groups, PNL-9814, Rev. 2,Pacific Northwest Laboratory,
Rlchland, Washington.
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● Describes a system of sorting sipgle-shell tanks into groups based on the
major waste types contained in each tank.

Husa, E. 1., 1993, Hanford Site Waste Storage Tank Information Notebook,
WHC-EP-0625, Westinghouse Hanford Company, R1chland, Washington.

● Contains in-tank photographs and summaries of the tank description, leak
detection system, and tank status.

Husa, E. I., 1995, Hanford Waste Tank Prelimina~ Dryness Evaluation,
WHC-SD-WM-TI-703, Rev. O, Westinghouse Hanford Company,
Rlchland, Washington.

● Assesses the relative dryness of tank wastes.

Kmnmerer, M., 1995, Heat Removal Characteristics of Waste Storage Tanks,
WHC-SD-SARR-O1O, Rev. 1. Westinghouse Hanford Company,
Richland, Washington.

. Assesses thermal heat load of waste tanks based on temperature surveillance
data.

Nguyen, D. M., 1989, Data Analysis of Conditions in Single-Shell Tanks
Suspected of Containing Ferrocyanide, (internal letter 13314-89-025 to
N. W. Kirch, March 2), Westinghouse Hanford Company,
Richland, Washington.

● Provides assessment of how ferrocyanide affects tank waste.

Shekon, L. W., 1995, Chemical and Radionuclide Inventory for Single- and
Double-Shell tanks, (internal memorandum 75520-95-007 to R. M. Orme,
on August 8), Westinghouse Hanford Company, Rlchland, Washington.

● Contains a tank inventory estimate based on analytical information.

Shekon, L. W., 1995, Radionuclide Inventories for Single- and Double-Shell
Tanks, (internal memorandum 71320-95-002 to F. M. Cooney, on
February 14), Westinghouse Hanford Company, Richland, Washington.

. Contains a tank inventory estimate based on analytical information.
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Shelton, L. W., 1996, Chemical and Radionuclide Inventory for Single, and
Double-Shell Tanks, (internal memorandum 74A20-96-30 to
D. J. Washenfelder, February 28), Westinghouse Hanford Company,
Rlchland, Washington.

● Contains a tank inventory estimate based on analytical information.

Van Vleet, R. J., 1993,Radionuclide and Chemical Inventories for the
Single-Shell Tanks, WHC-SD-WM-T1-565, Rev. 1, Westinghouse Hanford
Company, Richland, Washington.

● Contains selected sample analysis tables for single-shell tanks before 1993.

Wegener, D. L., 1990, HEHF Evaluation of Vapor Space in B/BX Tank Farms,
(internal letter 86123-90-DLW-204 to J. L. Ahrens, R. R. Auld, ‘“
D. J. Bishop, D. O. Dobson, B. L. Hall, G. N. Hanson, D. C. Hartley,
W. L. Morris, J. E. Perham, C. M. Wirtkler, and R. L. “Wright,
September 4), Westinghouse Hanford Company, Richland, Washington.

● Contains historical vapor sample analyses results.
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